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ABSTRACT 
Three field experiments were conducted to determine the 
effects of time, method and rate of boron fertilization on the 
incidence of browning disorders in cauliflower. These 
disorders, known as hollow stem and brown curd, have been 
attributed to boron deficiency. Leaf tissue was sampled 
throughout the growing season to determine the effect of these 
variables on B concentration as well as to relate B levels to the 
disorders observed at harvest. 
The disorders were sigificantly reduced when 2.2 kg ha-1 B 
was applied in all experiments. However, the time or method of B 
fertilization was not related to occurrence of the disorders. 
Leaf tissue B concentrations were affected by the time, method 
and rate of B applications but were unreliable indicators of the 
disorders. Based on these results, reasonable doubt exists 
that these disorders are due exclusively to a deficiency of 
boron. 
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Introduction 
Cauliflower acreage in Massachusetts has increased in 
recent years due to growth in fresh and processing markets. 
Along with this increase has come increased reports by growers of 
disorders (brown curd and hollow stem) attributed to a 
deficiency of boron. The recommendation that is presently 
followed is an applications of 1.1 kg ha"1 as borax applied at 
transplanting. 
The results of a preliminary study (Hochmuth and Precheur, 
1982) indicated that the planting time is the most effective time 
of application of borax to reduce losses due to brown curd and 
hollow stem. However, the high rate of 2.2 kg ha"1 was not 
sufficient to control the disorders completely. The authors 
suggested that in soils severely lacking in boron, rates in 
excess of 2.2 kg ha"1 may be necessary to control the disorders. 
Foliar application of Solubor was generally less effective than 
soil application of borax, however some potential was observed 
for correcting the disorders using foliar sprays. 
The research presented in this thesis was designed to 
further investigate the effects of time, method and rate of boron 
fertilization on these disorders. The first study, located at 
the South Deerfield experimental plots, considered three 
factors: the time, method and rate of boron fertilization on 
brown curd and hollow stem. The second and third studies, 
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located in Sunderland and Plymouth, considered combinations of 
time and method of boron fertilization applied at full and split 
rates. Leaf tissue samples were taken throughout the growing 
season to determine the effect of these factors on the boron 
content of the plant as well as to use this information for 
prediction of disorders observed at harvest. 
In all experiments, when 2.2, 4.4 and 6.6 kg ha“^ B were 
applied, a reduction in the incidence of the disorders was 
observed. However, complete control was not seen even at the 
highest rates. The time or method of B fertilization did not 
affect the incidence of the disorder. Leaf tissue analyses 
showed relatively high levels of B which were not related to the 
incidence of brown curd and hollow stem. 
CHAPTER I. 
Literature Review 
Introduction 
The literature to be presented in this chapter begins with a 
discussion of field experiments conducted to discern a means of 
control of disorders normally attributed to B deficiency in 
various crops. The effects of environmental factors on the 
manifestation of these disorders will follow. Several 
investigators have presented arguments in favor of various roles 
for B in plant metabolism, but its primary role has not been 
determined. The most current views will be presented. A 
discussion of the factors affecting the availability of B in the 
soil environment will conclude the chapter. 
Field Studies 
One of the earliest reports of browning in cauliflower was 
made by Chupp and Horsfall in 1933. Their description of the 
disorder is as follows: 
The first outward symptoms of the brown rot is a 
slight brownish discoloration at some spot on 
the head, which frequently is preceded by 
darkening even dissolution of the pith of the 
3 
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stem leading to that particular part of the head. 
The browning gradually spreads over the entire 
head which remains firm until decay organisms 
enter. The discoloration and dissolution of 
the pith proceed rapidly until the stem may be 
hollow throughout its length. Later, the 
surface of the head becomes slimy and finally the 
whole head decays. 
Dearborn, Thompson and Raleigh (1936) reported that, in B 
deficient cauliflower, discoloration first appears as small, 
concentric, water soaked areas in the stem and in the center of 
the small branches of the curd. When browning was severe, the 
outer as well as the inner portions of the head were involved. 
They observed that browning was usually associated with the 
stem. However, many fields of cauliflower with hollow stem were 
found to be free of browning but the hollowing was not considered 
to be due to B deficiency. 
Experimental results indicated that surface browning could 
be controlled by applications of borax (^28407 • 10H2^) a rate 
of 1.25, 2.5 or 5.0 pounds per acre applied in bands four inches 
to the side of the plant and four inches deep. In the following 
year, two field sites were treated with 0, 5.0, 10 and 25 pounds 
per acre B. At the first site, all plants with added B were free 
of internal and surface browning while 40% of the plants in the 
minus B treatments showed browning. At the second site, no 
surface browning occurred. However, five plants in the 5 pound 
per acre treatment and two plants in the 10 pound per acre 
treatment showed slight internal discoloration. No evidence of 
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either internal or surface browning was found on the plots that 
received 25 pounds per acre borax. 
On three farms, borax was effective in controlling browning 
when applied late in the season after the heads began to form. 
Borax was broadcast at a rate of 18 pounds per acre when curds 
were forming. Four weeks later, no browning in treated plots 
was observed. 
In a subsequent greenhouse experiment, all curds in the 
minus borax treatment showed severe browning. In the 2.5 pound 
per acre treatment, four plants showed slight internal 
discoloration, but no surface browning and in the 5 pound per 
acre treatment two plants showed brown spots in the interior of 
the apical portion of the stem. No browning or discoloration 
occurred in the 7.5, 15 or 25 pound per acre borax treatment. 
Discoloration of the curd appeared at various stages of maturity 
and increased with the growth of the head. 
Ferguson (1938) using cauliflower strain 'Early Snowball' 
grown in sand, applied B treatments ranging from 0.0 to 2.0 ppm. 
Plants in all treatments grew well until the curd began to show. 
The B fed plants all showed normal growth regardless of the 
concentration of applied B. On the B deficient plants, the 
smaller leaves surrounding the plant curled, and appeared 
dwarfed. From the time the curd appeared it remained very 
small, almost in a vestigial state. The top of the curd remained 
brown in color from the time of its appearance. Chandler (1941) 
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reported similar symptoms of leaf curling. Dearborn et: al. 
(1936) noted that during this leaf curling stage, the leaves of 
the cauliflower plant broke easily when touched and occasionally 
dropped without external force. They stated that plants 
suffering from B deficiency in early stages of growth were always 
dwarfed, but when the deficiency was not severe, a head and stem 
developed which had watery or brown areas. 
Walker (1940), in a study comparing B requirements for 
several members of the family Brassicae, found that cauliflower 
was more susceptible to internal breakdown on B deficient soils 
than cabbage, kale, collard, or sprouting broccoli. The study 
was primarily concerned with the control of B deficiency in 
cabbage. Of several varieties of cabbage the early maturing 
ones showed the greatest amount of internal breakdown. 
Appl ications of 20 pounds or more borax per acre reduced, but d id 
not entirely eliminate the disorder. 
Boron content of leaf tissue varies depending on the part of 
the leaf, its position in the plant and age of the plant. 
Studies made by Vlamis and Ulrich (1973) showed that in sugar 
beets, the highest values of B occurred in the older leaves while 
the lowest occurred in fibrous and storage roots. Gupta (1978) 
reported that the most recently matured leaf is themost suitable 
plant part to be sampled for B determination in cauliflower. 
Gupta and Cutcliffe (1971) reported that B levels of leaf 
tissue in cole crops are generally lower late in the growing 
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season. However, older leaves contained more B than younger 
leaves and within the leaf, B accumulated in the margins. The 
results of Miller and Smith (1977) showed that alfalfa leaves had 
much higher B content (75 to 98 PPM) than shoot tips (47 ppm) or 
stems (22 to 27 ppm). 
In a field study by Gupta and Cutcliffe (1973) in which 
0.0 to 4.48 kg ha”1 B were applied to broccoli, brussel sprouts 
and cauliflower, hollow stem was observed in cauliflower and 
broccoli. However, the incidence of hollow stem was not 
affected by applied B. B levels of whole plants of cauliflower 
ranged between 8 to 97 ppm. According to the authors, this high 
level of B in the plant substantiates the lack of B deficiency, 
and thus, that under conditions prevailing during their study, 
hollow stem was not due to a deficiency of B. Hot-water-soluble 
soil B concentration ranged between 0.3 and 0.5 ppm. 
In a field and greenhouse study by Gupta (1975) in which the 
hot-water-soluble soil B level was 0.28 ppm, cauliflower showed 
deficiency symptoms of purplish leaves and inward curling of the 
leaves. The decreased yields of cauliflower and B deficiency 
leaf disorders under greenhouse conditions were associated with 
* plant tissue concentrations of 4.2 ppm B. Under field 
conditions, yield reductions occurred where leaf tissue B 
concentrations were 9.2 ppm or less. Tissue B concentrations of 
10.5 ppm were associated with maximum yields and leaf tissue free 
of B deficiency symptoms. 
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Beauchamp and Hussein (1974), in a field study using 
rutabagas, showed that an application of 4.5 kg ha"l B did not 
completely overcome brown heart. In addition, the B 
concentration in the third or fourth leaf did not correlate well 
with the incidence of brown heart. However, a concentration of 
less than 18 ppm B in the roots was generally associated with 
brown heart. 
In a field and greenhouse study. Graves etaJL. (1978) induced 
B deficiency in tomato. The fifth leaf from the apex of the 
plant was sampled for B analysis seven and ten weeks after 
planting. A B content of 6 to 15 ppm was associated with those 
plants showing deficiency symptoms. 
In a study using rutabaga, Gupta and Cutcliffe (1978) showed 
that the method of application of B fertilizer affected the 
incidence of brown heart. Banded application of B resulted in 
greater tissue B concentration than did broadcast. Foliar 
sprays applied when roots began to expand (6 weeks after seeding) 
resulted in lower tissue concentration than those applied four 
weeks after seeding, but controlled brown heart. Brown heart 
was completely controlled by a band application of 1.1 kg ha--*- B, 
a broadcast application of 2.24 kg ha--*- B, or two foliar sprays 
each at the rate of 1.12 kg ha"-*- B. 
Howeler et al. (1978) reported that in general, yield 
increases were found when B was applied to beans. Lateral band 
placement was slightly superior to central or broadcast 
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placement in increasing yields. In addition, banded placement 
at or shortly after seeding resulted in higher yields than when 
applied 20 or 30 days after emergence. When B deficiency was not 
growth limiting in early development, but B deficiency was 
suspected in later development, foliar sprays were recommended. 
Leaf tissue analysis showed that 20 to 24 ppm B was associated 
with deficiency symptoms. Toxicity was seen when tissue levels 
exceeded 40 ppm B and hot-water-soluble B concentrations in the 
soil were greater than 1.3 ppm. 
Ca:B ratios in leaf tissue have been used as indicators of 
the B status of crops. Drake et al. (1941) reported that for 
tobacco, the boundary between deficiency and optimum Ca:B ratios 
was variable, but lay in the range of 1200 to 1500. Gupta 
(1972b) showed that Ca:B ratios of greater than 1370 in barley 
tissue and greater than 3300 in rutabaga leaf tissue were 
associated with B deficiency in those crops. However, he 
suggested that the Ca concentration in the plant does not change 
significantly and thus the variation in the Ca:B ratio is a 
function of the B content. Beauchamp and Hussein (1974) noted 
that the Ca:B ratios decreased significantly as the potassium 
concentration of rutabaga roots increased. However, no clear 
relationship between the Ca:B ratio in the leaf blades and the 
incidence of brown heart was observed. 
The first investigators to suggest an association between B 
and Ca in plant nutrition were Brenchley and Warington (1927)• 
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Warington (1934) showed that the absence of B from the nutrient 
solution depressed the amount of Ca absorbed by Vicia faba. 
Minarik and Shive (1939) , using soybean, found that the 
production of fresh leaf tissue was influenced by the 
concentration of B in the substrate, which paralleled the Ca 
content of the tissue. B concentrations above or below the 
optimum produced plants with low Ca content. The authors 
suggested that this reduction in the Ca content may be sufficient 
to produce symptoms associated with Ca deficiency. The 
symptoms of Ca and B deficiency are known to be quite similar. 
Therefore, the symptoms of B deficiency may be accompanied by 
those of Ca. When plants received toxic quantities of B, the Ca 
content of the tissue was as low as that of plants receiving no B. 
However, the percent of the total water soluble Ca was higher in 
leaves of plants receiving large quantities of B than in leaves 
of normally growing plants. The small amount of Ca present may 
have been sufficient to permit normal growth. 
Environmental Effects on B Deficiency 
Moisture Stress 
Several investigators have noted that B deficiency is 
enhanced under moisture stress (Chupp and Horsfall, 1933, Bowen, 
1972 , Clarkson and Hanson, 1980, Dearborn et al., 1936, 
Jolivette and Walker, 1963). Hobbs and Betramson (1949) 
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investigated the influence of soil moisture on B uptake. 
Results indicated that the supply of available B in the surface 
soil should be adequate for normal plant growth. However, as 
dry soil conditions reduced nutrient uptake at the soil surface, 
a greater reliance on uptake in the sub-surface horizons 
occurred. B availability decreased with increasing soil depth. 
In a greenhouse experiment, when B was applied, plants initially 
absorbed large amounts of B and some developed toxicity 
symptoms. When the surface soil dried, B deficiency symptoms 
developed rapidly in the same plants that had previously shown 
symptoms of B toxicity. 
Light Intensity 
Studies by several investigators indicate that B 
deficiency symptoms are influenced by light intensity and 
photoperiod. Albert and Wilson (1961) looked at correlations 
between light intensity and root elongation in the absence of 
adequate B. Results indicated that intensity could be the 
predominant factor rather than photoperiod in enhancing B 
deficiency symptoms. However, their experiments were 
conducted in a greenhouse over an eight month period of time and 
thus included long and short days which may have influenced 
results. 
A study by Maclnnes and Albert (1969) indicated that 
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intensity rather than photoperiod was responsible for 
increasing the rate of appearance of B deficiency symptoms. 
When light intensity was great, root tips of large and small 
plants exhibited a greater depth of brown color and less 
elongation. Plant size influenced deficiency responses. 
Larger plants subjected to high light intensity developed B 
deficiency symptoms faster than smaller plants under low light 
intensity. However, small plants treated at higher intensities 
showed the fastest rate while the larger plants under low light 
intensity showed the slowest rate of development of B deficiency 
symptoms. In addition, overcast weather conditions slowed the 
rate of appearance of deficiency symptoms in the field. These 
results agree with Yih and Clark (1965) who oberved a delay of 
about 24 hours in the appearance of B deficiency symptoms for 
shaded plants as compared to unshaded plants. Under shade, 
elongation of roots of B deficient plants was greater than for 
roots of plants not shaded. Tanada (1978) found that reduced 
light intensity decreased the response of Lemna pausita to B 
deficiency as measured by dry weight. Thus, the influence of 
light intensity on the rate of development of B deficiency 
appears similar for roots and shoots. 
Photoperiod 
Struckmeyer and MacVicar (1948) showed that soybean 
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required less B when grown in a short day environment. Plants 
grown in a B deficient medium and maintained in a vegetative 
state by a lengthened photoperiod showed morphological and 
anatomical abnormalities. In short photoperiods which induced 
blossom formation, however, the plants grew normally. It was 
found that the B content of the tissues of plants grown under 
short day regimes, with and without B fertilization, was 
essentially identical. 
Struckmeyer and MacVicar (1948) , using cocklebur which is 
strongly sensitive to photoperiod, showed through a 
histological examination that the plants remained vegetative in 
day lengths of 16 hours. The fourth internode from the stem tip 
of these plants grown with adequate B showed the anatomical 
characteristics of a vegetative stem i.e, an active cambium, 
differentiation of vascular tissue, and relatively thin-walled 
cells. Plants exposed to 24 long days and deprived of B 
developed a pathological structure. The cells in the cambial 
region of the stems were enlarged and showed prominent nuclei. 
They divided irregularly and without regard to plane of 
division. Rows of phloem and xylem differentiated among 
abnormal parenchyma cells. The sieve tubes, companion cells 
and xylem elements did not appear normal. Proliferating cells 
were apparent in the cortex and pith and in the more severely 
affected areas, necrosis was evident. Necrosis was principally 
in the vascular bundles. 
14 
Boron in Plant Metabolism 
B is absorbed by the root primarily as undissociated boric 
acid (H3BO4) (Mengel and Kirkby, 1978). Tanaka (1967) 
presented evidence that B was passively absorbed by excised 
barley roots. The net uptake of boric acid was found to be 
infuenced by the transpiration rate. Transport of B in the 
xylem was found to be nearly proportional to the rate of 
transpiration. However, additional evidence (Gupta, 1978) 
suggested that the transport of B from the soil solution into the 
plant and from the root to the shoot is not simply a passive 
process. 
Redistribution of B is limited in the phloem (Mengal and 
Kirkby, 1978) . Oertlii and Richardson (1970) postulated a 
mechanism to explain the immobility of B in the plant. They 
suggested that B readily enters and is translocated within the 
phloem, but re-enters the xylem of the leaf or petiole and then 
moves back to the leaf. Charnel et al. (1981) showed that a small 
portion of foliarly applied B penetrates the epidermis and is 
translocated to other parts of the plant via polysaccharide 
complexes. However, the majority of the applied B remained in 
the treated leaf. Thus, the movement of B with the 
transpiration stream and its immobility in the plant explains 
the observation that B deficiency always begins in the youngest 
tissue. 
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The early effects of B deficiency have been observed in root 
growth. A study by Bohnsack and Albert (1977) showed that the 
removal of B from the growth medium of plants such as tomato, 
squash, and sunflower resulted in rapid cessation of root 
elongation. Following this, other effects including browning, 
abnormal enlargement of cells and the appearance of lateral 
roots were noted. Work with cultures of excised roots from 
tomato and flax plants showed that decreased root growth due to B 
deficiency is associated with cell division and cell 
enlargement. 
The role of B in cell division, enlargement, 
differentiation, or maturation is not clear. Cell 
differentiation was inhibited in the absence of B 
(Odhnoff,1957). Lachance and Oulette (1954) reported a 
disturbance in the development of vascular bundles from the 
cambium. Bussler (1964) reported that pronounced growth of 
cells between xylem and sieve tubes occurred in B deficient 
tissue. 
Jolivette and Walker (1943) histologically examined B 
deficient seedlings and mature plants of cabbage and beets. In 
the seedling, abnormalities were primarily in the vascular 
tissue, apices and expanding leaves. In plants grown in 
complete nutrient solution for two or three months and then grown 
in a B deficient solution or on B deficient soils, degeneration 
was confined to the pith. No abnormalities were found in the 
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roots of older seedlings. They noted that at and near themargin 
of the affected pith, isolated groups of abnormal cells were 
found, while in the center, the majority of the cells were 
abnormal. In the center of the degenerated tissue were thick 
walled cells which sometimes contained deposits of brown 
material. Cell wall discoloration, hyperplasia and 
hypertrophy were all common initial cellular reactions. As death 
of a group of cells occurred, increasing cell division or cell 
growth commonly followed in the vicinity of the dead cells. The 
authors concluded that the disturbance of growth regulation 
processes varies with the age of the plant. 
Walker et al. (1940) , found that pronounced necrosis is 
seldom the first reaction seen in B deficient tissue. Normal 
cell-wall differentiation of xylem and phloem was altered which 
resulted in abnormal cell division and hypertrophy. They 
suggested that the reduction in normal development of conductive 
tissue may have lead indirectly to many of the characteristic 
symptoms of B deficiency including leaf distortion, stunting of 
growth and reduced yield. A common observation in beets was the 
sudden appearance of internal black spot shortly before harvest. 
This occurred even though large applications of borax were 
applied before the crop was planted. In these cases a period of 
four weeks without rainfall had occurred. Toward the end of the 
period and about two weeks before harvest internal black spot 
appeared, chiefly in the outer tertiary rings. The author 
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suggested that the meristematic regions in the outer tertiary 
rings remained active at a higher rate and for a longer time than 
adequate B could be supplied to them. 
Because B may react with hydroxyl rich compounds contained 
in cellular membranes, investigators have suggested a B role in 
membrane activity. In the mung bean hypocotyl, Tanada (1974) 
observed bio-electric field changes which he suggested are due 
to boron's involvement in maintaining structural integrity of 
the membrane. Uptake of Rb by Vicia f aba root tissue was reduced 
after B was removed from the nutrient solution and was 
accompanied by reduced root elongation. 
Several reviewers have observed that the absence of B in the 
growth medium leads to an accumulation of phenolic compounds in 
plants (Parr and Loughman, 1983, Gupta, 1978, Lewis, 1980). 
Boron may complex with 6-phosphogluconic acid. Lee and Arnoff 
(1967) theorized that 6-phosphogluconic acid inhibits the 
activity of 6-phosphogluconate dehydrogenase tending to reduce 
the synthesis of phenolic compounds. Lewis (1980) observed 
that B deficient plants have a higher percentage of lignin than 
controls. It is also known that lignin biosynthesis is 
accelerated as a result of phenolic compound accumulation 
(Mengal and Kirkby, 1983). Lewis (1980) proposed that the 
primary role of B is in regulating the biosynthesis of lignin and 
the differentiation of xylem. He suggested that B regulates the 
hydroxylase and oxidase activity of phenolases. 
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B may play an essential role in the biosynthesis of auxin 
in the meristem of the plant. Dugger (1983) showed that B 
deficiency leads to a decreased level of free auxin, an increased 
level of bound auxin and a reduction in IAA-oxidase activity. 
Shkol'nik (1974) theorized that the inhibition of IAA-oxidase 
activity is due to, presumably the high levels of phenolic 
compounds present. He proposed that boron's primary 
physiological role is related to auxin and phenolic 
accumulation. However, Hirsch et (1982) concluded that 
early B deficiency symptoms cannot be accounted for by changes in 
endogenous IAA concentration. He showed that ultrastructural 
changes induced by B deficiency and auxin treatment were 
different. 
Some investigators have studied the effects of B deficiency 
on carbohydrate levels. Gauch and Dugger (1953) proposed that B 
complexes with sugars, facilitating their transport in plants. 
This theory has not been acceptable to most investigators. 
However, many researchers support the observation that B 
stimulates sugar absorption and/or movement in the plant by 
playing an indirect role in sugar translocation (Dugger,1983, 
Gupta, 1971b, Odhnoff,195 9, Pollard et al., 1977). This may be 
related to boron's role in auxin metabolism or in membrane 
function. 
In summary, the role of B in plant metabolism is not clear. 
However, its ability to react with cis-hydroxyl groups 
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presumably plays an essential part in its role. Boron's most 
important influences in plant metabolism may be related to 
membrane function, phenolic biosynthesis or auxin regulation. 
However, its mode of action is yet to be determined. 
Soil Boron 
Soils formed from marine sedimentary rock are likely to 
contain more B than those from igneous rock. The original 
source of B inmost well-drained soils is tourmaline, which is 3 
to 4% boron (Bradford, 1966) • Most of the plant available soil B 
is derived from sediments or organic matter (Evans and Sparks, 
1983) . The total B content of most soils varies from 20 to 200 
ppm (Mengel and Kirkby, 1983) . Gupta (1978) found that total B 
ranged from 45 to 124 ppm, whereas hot-water soluble B ranged 
from 0.4 to 5.0 ppm. Therefore only a small fraction of total B 
occurs in a form available to plants. B is easily leached from 
soils. On podzolic soils, studies indicated that up to 62% of 
applied B was not recovered from the surface 15 cm of soil five 
months after broadcast application. 
Several researchers have found that B retention in soils 
differs widely depending on soil properties such as texture, pH, 
available calcium, organic matter content and sesquioxide 
content (Hatcher et al., 1967, Gupta, 1978, Keren and Gast, 
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1983) • In general retention is greatest on fine-textured and 
least on course-textured soils. The results of a study by 
Harada and Tamai (1968) concluded that: 
- B adsorption is closely related to contents of free 
aluminum and iron oxides. 
- Clay content plays a significant role in B adsorption 
and differs with different clay minerals. 
- Organic matter acts to increase B adsorption through 
forming clay-metal-organic matter complexes in 
the soil. 
Other investigators have studied these properties as they relate 
to boron retention (Oertlii and Gigurevic, 1975, Peterson and 
Newman, 1976, Sims and Bingham, 1968). 
Soil pH is one of the most important factors affecting the 
availability of B. Generally, B becomes less available to 
plants with increasing soil pH (Mengel and Kirkby, 1983) . 
However, this relationship will vary with the plant studied and 
is not clear below pH 6.5 (Gupta, 1978) . Hatcher e_t al. (1967) 
showed that when acid soils were limed, the primary reaction is 
the exchange of aluminum or Al-OH cations and their 
precipitation as Al(OH)3. Studies on 28 soils showed that 
freshly precipitated Al(OH)3 adsorbed large quantities of B. 
B deficiencies were found to be common in humid regions due 
to leaching of B, but also were found to be induced by drought 
(Gupta, 1978) . Much of the total B in soils was found to be held 
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by organic matter and released by microbial action. Under 
drought conditions microbial activity was decreased causing the 
B to remain complexed. 
CHAPTER II. 
Materials and Methods 
Field Experiments; 
South Deerfield 
Purpose The experiment in South Deerfield was designed to 
determine the effect of time, method, and rate of B fertilization 
on the incidence of brown curd and hollow stem disorders in 
cauliflower. The most recently matured leaf (MRM) tissue was 
sampled throughout the growing season 1.) to determine the effect 
of these factors on the B status of the plant and 2.) to relate the 
severity of disorders to B concentrations and Ca:B ratios in the 
tissue. 
Design: A field in South Deerfield, Ma. of 4334 sq. m. was 
planted on July 7th, 1983 with four-week old cauliflower 
transplants (var. 'Imperial 10-6') . A row spacing of 77 cm. and 
a plant spacing of 46 cm was used. Each experimental unit 
consisted of 12 plants. The soil was a Hadley very fine sandy 
loam (Typic Udifluvent). The experimental design was a 
factorial split-plot with whole plots in randomized complete 
block design (Fig. 1). The factors and levels of each are as 
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BLOCK 
A 
B 
C 
TIME I TIME 2 TIME 3 
METHOD I 
METHOD 2 
METHOD 3 
RATE 12 3 4 
D 
Figure 1. Randomized complete block, factorial split plot at 
South Deerfield. TIME equls time of application of B 
fertilizer: Planting (Tl) , Three Weeks (T2) , Six Weeks 
(T3) . METHOD equals method of application of B 
fertilizer: broadcast (Ml), banded (M2), and foliar 
(M3) . RATE equals 0.0, 2.24,4.48, and 6.72 kg ha-1 B. 
Time and method were main plots and rate was the split 
plot. Four replications were made. 
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follows: 
Time of application of B fertilizer. (Main plot) 
Method of application of B fertilizer. (Main plot) 
Rate of application of B fertilizer. (Sub-plot) 
Time: transplanting, three and six weeks after 
transplanting. 
Methods: broadcast, banded and foliar. 
Rates: 0, 2.24, 4.48, and 6.72 kg B ha”1. 
Standard cultural practices for cauliflower were followed. 
A fertilizer application of 56, 29, and 47 kg ha”1 N, P, and K was 
broadcast before planting. A side dress of nitrogen was made 
four weeks after field planting (56 kg ha”1) . The initial pH of 
the soil ranged from 5.4 to 5.6. The initial hot-water soluble B 
content ranged from 0.2 to 0.4 ppm. A pre-plant herbicide was 
used and insect control was implemented as required. 
Granular borax (12% B) was applied for broadcast and banded 
treatments, by hand, at the rates specified above. Broadcast 
applications were incorporated using a hoe. For banded 
application, a trough 8 cm deep was made 10 to 20 cm from the base 
of the plant. Foliar sprays of Solubor (20.5% B) were applied at 
rates specified above using a backpack sprayer calibrated to 
deliver the appropriate quantity per plot. 
Sampling: The most recently matured (MRM) leaf tissue was 
sampled three, six, nine or twelve weeks after transplanting. A 
composite sample of leaves from five plants per plot was taken. 
The most recently matured leaf was selected based on position. 
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size and color, i.e., a leaf from the second or third internode 
from the apex that was fully expanded, and had a dark green color. 
At the time of transplanting, a composite soil sample was taken 
from four locations per plot, 15 cm from the base of a plant and 24 
cm deep. Composite curd samples were taken at harvest. 
Rating: At harvest, weights of fresh curds were recorded for 
each plant. The brown curd was rated on a scale of one to five, 
in which one equaled no incidence of brown curd, and two to five, 
increasing severity of the disorder. A curd was considered 
unmarketable when the rating exceeded one (Fig. 2) . Hollow stem 
was rated on a scale of one to ten, where one equaled no incidence 
of the deficiency. A curd with a rating above five was 
considered unmarketable (Fig. 3). 
Sunderland and Plymouth 
Purpose: The experiments in Sunderland and Plymouth were 
designed to determine the effect of 1.) the rate of application 
of boron fertilizer and 2.) split applications of B fertilizer at 
different times and by different methods on the incidence of 
brown curd and hollow stem disorders in cauliflower. The MRM 
leaf tissue was sampled throughout the growing season to 
determine the effect of these factors on the B status of the plant 
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Figure 2. Brown curd rating. Progression of browning of 
cauliflower curd. A rating of two or greater rendered a 
curd unmarketable. 
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Figure 3. Hollow stem rating. Progression of browning of the 
stem. A rating of five or greater rendered the curd 
unmarketable. 
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and to relate the severity of disorders to B concentrations in 
the tissue. 
Design: Fertilization rates included 0, 2.24, 4.48 and 6.72 kg 
ha"l B in Sunderland and 0, 2.24, and 4.48 kg ha"l in Plymouth. 
The combinations of time and method of B application were as 
follows: 
- Full rate broadcast at planting. 
- Half broadcast at transplanting, half foliar three weeks 
after transplanting. 
- Half broadcast at transplanting, half foliar six weeks 
after transplanting. 
- Half broadcast at transplanting, half banded three weeks 
after transplanting. 
- Half broadcast at transplanting, half banded six weeks 
after transplanting. 
The field in Sunderland, Ma. (Hadley silt loam) was planted 
on July 7th, 1983 , with four-week old transplants of cauliflower 
('Imperial 10-6'). Eighty plots of 10 m2 with ten plants per 
plot were arranged in a split-plot design. The main plot was the 
time-method combination of fertlizer application, and the rate 
of B fertilizer application was the sub-plot (Fig. 4). Four 
replications were made of a randomized complete block design. 
The initial soil pH ranged from 6.0 to 6.2. The initial hot- 
water soluble boron content ranged from 0.2 to 0.3 ppm. 
MRM leaf samples were taken six, nine and twelve weeks after 
transplanting in Sunderland. At Plymouth, the leaf tissue 
samples were taken three, six, nine and twelve weeks after 
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RATE 12 34 
Figure 4. Randomized complete block, split plot. Sunderland 
and Plymouth experiments. Treatments one to five 
represent 1. Broadcast at transplanting (TRT 1) 2. Half 
broadcast at transplanting, half foliarly three weeks 
after transplanting (TRT 2). 3, 
transplanting, half foliarly 
transplanting 
transplanting, 
transplanting 
transplanting, 
transplanting 
6.76 kg ha-1 B. 
split plot. 
(TRT 3) . 4. Half 
half banded three 
(TRT 4). 5. Half 
half banded six 
(TRT 5) . RATE equals 0.0, 
Half broadcast at 
six weeks after 
broadcast at 
weeks after 
broadcast at 
weeks after 
2.24 , 4.48 and 
Treatment was the main plot and rate the 
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transplanting. At harvest, weights of fresh curds were 
measured. Brown curd and hollow stem disorders were rated as in 
the South Deerfield experiment. 
Laboratory Analysis 
Soils 
Soil samples were dried in a forced-draft oven and sieved 
with a 10 mesh screen. A 10 g soil sample was placed in a Teflon 
beaker and 20 mis of 0.02 M CaCl2 added. The samples were boiled 
for five minutes and then stirred and filtered. A 1 ml aliquot 
was used for B determination using the Azomethine-H method of 
analysis (Anonymous, 1980) . 
Leaf tissue analysis of B and Ca 
Leaf tissue samples were washed with tap water, dried for 
several days in a forced-draft oven, and ground in a Wiley Mill 
using a 20 mesh sieve. A 0.25 g sample of dried tissue was 
weighed into quartz crucibles and ashed in a muffle furnace at 
600 degrees C until a carbon free ash was produced in about six 
hours. The sample was allowed to cool, 10 ml 0.1 N HCl was added 
to the ash, and 1 ml aliquot was used for determination of B using 
the Azomethine-H method of analysis (Anonymous, 1980). 
From the HCl-ash mixture, 0.5 ml was transferred to 100 ml 
volumetric to which 4 ml La reagent (50,000 ppm La) was added. 
This was brought to volume using distilled water. The Ca 
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concentration was measured using an Atomic Absorption 
Spectrophotometer. 
Statistical Analysis 
An analysis of variance was made for the B and Ca 
measurements from each weekly sampling as well as for the the 
information taken at harvest using BMDP 8V. When significant 
effects were observed, orthogonal contrast were used to separate 
means (BMDP 4V). When significant rate effects were found, a 
regression equation was calculated using BMDP 5R, Correlations 
between hollow stem and brown curd ratings and B, Ca, and Ca:B 
ratios were calculated using BMDP 1R. 
CHAPTER III. 
Results, Discussion and Conclusions 
South Deerfield 
The experiment in South Deerfield was harvested on October 
5fch and 6th, 1983. The results of the harvest data will be 
presented in this chapter, followed by the B analysis of curds 
and correlations for curd B and hollow stem and brown curd. The 
results of B content of leaf tissue sampled three , six, nine and 
twelve weeks after transplanting will follow. Correlations 
between leaf tissue B concentrations and brown curd and hollow 
stem will be included. The chapter will end with a discussion of 
the Ca leaf tissue analysis and conclusions. 
Harvest Data 
Each harvested curd was weighed, and brown curd and hollow 
stem were rated. An analysis of variance was performed for each 
variable. When significant factors were observed, means were 
statistically separated using orthogonal contrasts. The 
following are the results of these analyses. 
Curd Weight 
No statistical relationship was found between the weight of 
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the curds and the treatments applied. The average curd weight 
was 1.2 kg. 
Brown Curd 
No relationship was found between the time or method of B 
application and brown curd rating. However, an application of 
2.2 kg ha“l significantly reduced the brown curd rating while not 
controlling the disorder entirely (Table 1) • No difference was 
observed in the incidence of brown curd when 0.0, 4.4, and 6.6 kg 
ha"l B was applied. Themajority of the curds in this experiment 
were unmarketable due to brown curd. 
Hollow Stem 
No relationship was observed between the time or method of 
application of B fertilizer and hollow-stem rating (Table 2)• 
The lowest incidence of hollow stem was seen when 2.2 kg ha**^ B 
was applied, and no difference was found between the 0, 4.4 and 
6.6 kg ha”l treatments as they affected hollow stem (Table 2). 
Again, the disorder was not completely controlled. The mean 
hollow-stem rating for the field was 7.14. Based on the rating 
system, the majority of the plants were unmarketable due to 
spoilage of the curd. 
Curd B Concentration 
No relationship was found between the time of application 
34 
Table 1. Effects of time, method and rate of B fertlization on 
brown curd ratings at South Deerfield. 
Time Method B 
0.0 
application, kg ha“ 
2.2 4.4 
1 
6.6 
Brown Curd Rating 
Planting Broadcast 1.6 1.7 1.4 1.3 
Banded 2.3 1.5 1.7 1.9 
Foliar 2.0 1.3 1.8 1.7 
Three Wks Broadcast 1.8 1.5 2.1 1.9 
Banded 2.2 1.5 2.0 1.8 
Foliar 1.9 1.4 1.6 2.3 
Six Wks Broadcast 2.5 1.6 2.4 1.5 
Banded 1.7 1.9 1.6 2.0 
Foliar 1.8 1.9 2.1 1.5 
Mean2 2.0a 1.6b 1.8a 1.8a 
2 Average for all times and methods of B fertilization. 
Orthogonal contrasts were used for mean separation. p=.05. 
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Table 2. Effects of time, method and rate of B fertlization on 
hollow stem ratings at South Deerfield. 
Time Method B application, kg ha 
0.0 2.2 4.4 6.6 
Hollow Stem Rating 
Planting Broadcast 7.5 6.4 6.7 7.2 
Banded 8.2 6.8 7.4 7.4 
Foliar 7.1 7.0 7.4 6.8 
Three Wks Broadcast 6.8 7.0 7.4 7.3 
Banded 8.5 6.8 7.4 7.3 
Foliar 8.1 6.5 7.6 7.4 
Six Wks Broadcast 8.0 6.1 7.9 6.6 
Banded 7.5 7.2 6.4 7.7 
Foliar 7.2 6.4 6.1 6.4 
Mean2 7.7b 6.7a 7.1b 7.1b 
2 Average for all times and methods of B fertilization 
Orthogonal contrasts were used for mean separation. p=.05. 
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of B and its concentration in* the curd. However, a significant 
relationship existed between curd B and the method and rate of 
fertilizer application (Table 3). The soil applied B 
(broadcast and banded) resulted in higher concentrations of B in 
the curds than did the foliar application. The broadcast and 
banded applications were not different in this regard. As the 
rate of B increased, the concentration of B in the curd increased 
linearly in the broadcast and banded applications. The foliar 
applications showed no corresponding increase in curd B 
concentration as a function of the rate of B applied. 
Correlation CQ6f^c^en^s 
Correlation coefficients were calculated for brown curd 
and hollow stem and B and Ca content of the curds. In general, 
these correlations were poor (Table 4). The results were 
similar for correlations between Ca:B ratios and the disorders. 
Isolated significant correlations were observed but no pattern 
emerged. Significant negative correlations were found for 
brown curd and B content for banded applications when B was 
applied at transplanting and three weeks after transplanting. 
Correlation between Ca and brown curd correlations were also 
negative and significant for banded applications when B was 
applied at transplanting and three weeks after transplanting. 
Discussion 
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Table 3. Effects of rate and method of B fertilization on curd B 
at South Deerfield. 
Method B application, kg ha"l Regression 
Significance 
0.0 2.2 4. 4 6.6 Mean2 Linearx 
Curd B, ppm 
Broadcast 28 34 36 37 34a ** 
Banded 26 34 35 36 33a *★ 
Foliar 20 24 19 24 21b ns 
2 Mean over all fertilization rates and application times. 
Orthogonal contrasts were used for mean separation. p=.01 
x Broadcast: y=29.4 + 1.32x, r^=.90. Banded: y=28.1 + 1.4 x, 
r2=.91. 
** significant at .01. 
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Table 4. Correlation coefficients for curds at South 
Deerfield. 
Method of B application 
Broadcast Banded Foliar 
Correlation Time 
Brown Curd/Boron Planting -.32 -.64** -.23 
Three Weeks .23 -.49* .04 
Six Weeks .08 -.22 .05 
Hollow Stem/Boron Planting -.34 -.40 -.19 
Three Weeks .08 -.58* .01 
Six Weeks .15 -.40 .02 
Brown Curd/Calcium Planting -.32 -.59* .56* 
Three Weeks .20 -.64** -.07 
Six Weeks -.49 -.46 -.27 
Hollow Stem/Calcium Planting -.05 -.32 .21 
Three Weeks .24 -.61** -.09 
Six Weeks -.28 -.22 -.43 
Brown Curd/Ca:B Planting -.10 .56* .22 
Three Weeks -.08 .15 .03 
- Six Weeks -.52* -.31 
0
0
 
H
 • 1 
Hollow Stem/Ca:B Planting .23 .40 .19 
Three Weeks .16 .30 -.13 
Six Weeks .37 .11 -.21 
* significant at .05 
** significant at .01 
39 
The harvest data at South Deerfield showed, in general, a 
very high incidence of brown curd and hollow stem disorders. 
The time or method of B application were not factors affecting 
the incidence of the disorders. When 2.2 kg ha”l B was applied, 
a significant reduction in both disorders was observed, however, 
complete control was not seen. In addition, the higher rates of 
B resulted in the same level of brown curd and hollow stem as no 
application of B. It is clear that the occurrence of these 
disorders is not related to B fertilization alone and that 
extraneous factors also affected the incidence of the disorders. 
One would expect that the level of B in the curd would be 
related to the degree of browning of the curd. This was not 
substantiated by correlatons between B in the curd and brown 
curd. In addition, foliar applications resulted in 
significantly lower B in the curd than the broadcast or banded 
applications. However, the analysis of variance did not show a 
significant relationship between the method of application and 
the incidence of the disorders. 
The early literature which initially stated that these 
disorders were due to B deficiency (Dearborn et al., 1936, 
Ferguson, 1938) were greenhouse or field studies in which B was 
applied in various amounts. A reduction in the incidence of the 
» 
disorders due to increasing amounts of B fertilizer was the 
evidence linking the disorder with a lack of B. Some disparity 
existed between levels of B required for control. This study 
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suggests that the amount, method or time of application are not 
the only factors involved in control of the disorders. 
The plants at South Deerfield achieved adequate size and 
appeared healthy until late in the growing season. Heads were 
blanched when the curds were approximately three inches in 
diameter. Between this time and harvest, the onset of the 
browning seemed to be most obvious. Moisture stress and high 
temperatures were observed during the later part of the growing 
season (Fig. 7, Table 5, 6). Several studies have noted that 
these disorders are enhanced by environmental factors including 
lack of moisture, increased light intensity and altered 
photoperiod (See literature review). 
Based on the lack of correlation between the disorder in the 
curd and stem and the B or Ca:B ratios in the curd, it may be 
concluded that B content in the curd is not a suitable indication 
of deficiency. Apparently, there was a localized deficiency or 
disruption in B availability at an unknown point in the growth of 
the plant which affected the degree of browning of the curd and 
the stem. One might question whether B was actually entering 
the plant in significant quantities. Analysis of the B content 
in leaf tissue sampled throughout the growing season will be 
presented in the following section. 
Leaf Tissue Analysis 
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Figure 5. Rainfall 
seasons. P. 
patterns for three successive growing 
Ives, Amherst College. 
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Table 5. Relative cloud cover for three growing seasons 
Percent 
July 
Days With No 
August 
Cloud Cover 
September 
1981 . 25.8 12.9 13.3 
1982 29.0 25.8 13.3 
1983 20.0 35.5 36.7 
Table 6. Minimum 
growing seasons. 
, maximum. and mean temperatures for three 
Period 1981 1982 1983 
Min Max Mean Min Max Mean Min Max Mean 
Temperature (F) 
July 1-15 65.2 86.7 75.9 58.5 85.1 71.8 59.9 86.9 73.4 
July 16-31 58.6 83.0 70.8 61.3 85.9 73.6 61.6 87.0 74.3 
Aug. 1-15 62.6 85.6 74.1 60.3 83.6 71.9 59.6 83.1 71.4 
Aug. 16-31 53.6 79.3 66.5 53.1 76.7 64.9 61.2 85.1 73.1 
Sept. 1-15 55.2 77.0 66.1 53.8 80.6 67.2 57.5 85.1 71.3 
Sept.16-30 46.7 64.5 55.6 50.1 68.0 59.1 46.9 74.9 60.9 
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The most recently matured (MRM) leaf tissue was sampled 
three, six, nine and twelve weeks after transplanting. The 
following are results of the laboratory analyses of B and Ca 
concentrations in the leaf tissue. 
An analysis of variance was performed to differentiate the 
impact of the variables of interest in the experiment on the B 
content of the leaf (i.e., time, method and rate of applied B) . 
Orthogonal contrasts, which involve a comparison of means, were 
made when the analysis of variance revealed significant factors. 
Correlation coefficients were calculated for the relationship 
between each disorder and leaf tissue 3, Ca, and Ca:B ratios. 
It was desirable to know if the 3 content in the leaves 
followed a linear, quadratic or cubic trend as a function of the 
rate applied. Reference in the text to this response is based on 
a statistical analysis using orthogonal contrasts. Regression 
equations were calculated when the rate of B significantly 
affected the B content in the leaf tissue. 
Leaf tissue sampled three weeks after transplanting. 
The statistical analysis showed a significant interaction 
among time, method and rate of B application (Table 7) . When B 
was applied at planting, the broadcast application showed a 
significant linear increase in B concentration in the most 
recently matured (MRM) leaf tissue as a function of the rate of B 
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Table 7. Effects of time, method, and rate of B fertilization on B 
content in leaf tissue sampled three weeks after transplanting. 
Time/Method of B application. kg ha”l Regression 
B application • Significance 
0.0 2.2 4.4 6.6 Mean2 Linearx 
Leaf B, ppm 
Transplanting 
Broadcast -61 77 103 125 92a ★ * 
Banded 52 67 70 61 63b ns 
Foliar 47 53 59 61 55b ns 
2 Mean over all rates for treatments applied at transplanting. 
Orthogonal polynomials were used to separate means. p=.01. 
x Broadcast: y=58.8 + 9.9x, r^=.95 
** significant at .01 
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fertilizer applied. The banded and foliar applications showed 
no significant increase in B content and were not significantly 
different from one another. The third and sixth week B 
applications (T2 and T3) had not yet been made at this sampling 
date. no significant differences in leaf tissue B for these 
treatments were observed. 
Leaf tissue sampled six weeks after transplanting. 
By the sixth week, B application at transplanting (Tl) and 
three weeks after transplanting (T2) had been made. A 
significant interaction was found between time and rate of B 
application (Table 8). Irrespective of the method of B 
application, both times of B application (Tl and T2) showed a 
linear relationship between rate of application and 
concentration of B in the MRM leaf tissue. No statistical 
difference between the two times of fertilizer application was 
observed. However, they are significantly different from the 
six week treatment (T3) which simply refects the fact that that 
treatment had not yet been applied. 
A significant interaction between the time and method of B 
application was also found. When B was applied at planting 
(Tl) , the broadcast and banded methods resulted in a higher 
concentration of B in the tissue than did the foliar application. 
In all methods of B application, a significant relationship was 
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Table 8. Effect of time, method and rate of B fertilization on 
leaf tissue B sampled six weeks after transplanting at South 
Deerfield. 
Time/ B 
Method 
application 
0.0 2.2 
, kg 
4.4 
ha"-l 
6.6 
Mean 
Time2 
Mean 
Methodx 
Regression 
Significance 
Line.w Quad. 
Leaf B, ppm 
T/planting 
Broadcast 31 36 50 56 41a 43a ★ * 
Banded 31 36 52 61 45a * * 
Foliar 29 34 35 42 35b ★ * 
Three Wks 
Broadcast 34 37 46 46 39a 41a ** 
Banded 30 35 37 40 36a ** 
Foliar 30 34 40 53 39a * 
x Mean over all methods and rates. Orthogonal contrasts used for 
mean separation. p=ns. 
2 Mean over all rates at all times. Orthogonal contrasts were 
used for mean separation. p=.05. 
w Transplanting, broadcast: y=30 + 5x, r2=.98. Transplanting, 
banded: y=29 +4.8x, r2=.90. Three weeks, broadcast: y=34 + 2x, 
r2=.94. Three weeks, banded: y=30 + 1.5x. r2=.90. 
v Planting, foliar: y=28 +1.3x +.12x2, R2=.85. Three weeks, 
foliar: y= 30 + .4x + .47x2, R2=.80. 
* significant at .05 
** sgnificant at .01. 
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observed between the B concentration in the leaf and the amount 
of B applied. When B was applied three weeks after 
transplanting (T2), the statistical analysis showed no 
difference among the methods of B application (broadcast, banded 
or foliar). 
Leaf tissue sampled nine weeks after transplanting. 
All trea.tments had been applied by the time these samples 
were taken. The most recent B application was made three weeks 
prior to the sampling date (T3) . No statistical difference was 
found in the B tissue concentrations when the fertilizer was 
applied at transplanting, three or six weeks after 
transplanting. A significant interaction was observed between 
the method and rate of B applied (Table 9) . The banded 
application resulted in a higher leaf tissue B concentration 
than either the broadcast or foliar methods. The broadcast and 
foliar applications were not significantly different from one 
another (Table 8). The banded application showed a quadratic 
response to the rate of B applied while the broadcast and foliar 
applications showed a linear response to the rate of B applied. 
Leaf tissue sampled twelve weeks after transplanting. 
A significant interaction between the time and method of B 
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Table 9. Effects of rate and method of B fertilization on leaf 
tissue B sampled nine weeks after transplanting at South 
Deerfield. 
Method Regression 
B application, kg ha~l Significance 
0.0 2.2 4.4 6.6 Mean2 Linearx Quadr 
Leaf B, ppm 
Broadcast 34 40 38 38 38a * ns 
Banded 33 45 50 40 46b ★ * * 
Foliar 32 38 40 41 38a * * ns 
2 Mean over all rates and times of B application. Orthogonal 
contrasts were used for mean separation, p=.01. 
x Broadcast: y=36 + ,45x, r2=.51. Foliar: y=33 + 1.3x, r2=.93. 
w Banded: y=33 + 8.7x - 1.13x2, R2=.86. 
* significant at .05 
** significant at .01 
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application was observed (Table 10). When B was applied at 
transplanting, the broadcast and banded applications showed 
significantly higher leaf B than the foliar application. The 
broadcast and banded applications were not significantly 
different. When B was applied three weeks after transplanting, 
the broadcast application showed significantly higher leaf 
tissue B concentrations than did the banded applications. Leaf 
tissue B content in the banded application was significantly 
higher than in the foliar application. When B was applied six 
weeks after transplanting, no difference in B content of leaf 
tissue was observed among methods of application. A 
significant relationship was also observed between the rate of B 
applied and the B leaf tissue concentrations for all times and 
methods of application of fertilizer. The average B 
concentrations in leaf tissue, when 0. 2.2, 4.4 or 6.6 kg ha""'- B 
was applied were 32, 42, 47, and 50 ppm B, respectively. The 
average B content when no B was applied is significantly lower 
than the other rates. No difference in tissue B concentration 
was seen when 2.2, 4.4 or 6.6 kg ha“l B was applied. 
Summary B concentrations in leaf tissue and curds 
The leaf tissue and curd B data are summarized in Fig. 6. 
The leaf tissue B concentrations in the week six sampling was 
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Table 10, Effects of time and method of B fertilization on leaf 
tissue B sampled twelve weeks after transplanting at South 
Deerfield. 
Time Method of B application 
Broadcast Banded Foliar Mean2 
Leaf B, ppm 
Planting 45ax 45a 37b 42a 
Three 50a 43b 40c 44a 
Six Weeks 41a 41a 40a 41a 
z Orthogonal contrasts were used to separate means of method of 
application for each time of application of B fertilizer. p=.05. 
x Orthogonal contrasts were used to separate means of time of 
application of B fertilizer. p=n.s. 
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Figure 
WK 3 WK 6 WK9 WK 12 CURDS 
RATE B APPLIED, KG/HA 
6. Summary of leaf tissue and curd B concentrations for 
South Deerfield. Wk 3, Wk 6, Wk 9 and Wk 12 represent 
sampling dates after transplanting. Tl=ferti1izer 
application at transplanting, T2=fertilizer applica¬ 
tion three weeks after transplanting, T3=ferti1ization 
application six weeks after transplanting. Methods of 
fertilizer application include 1) broadcast, 2) banded 
and 3) foliar. 
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approximately half that of the previous sample. The remaining 
sampling dates showed that B concentrations remained about the 
same throughout the growing season. The curd B concentrations 
were lower than the leaf tissue concentrations, in general. 
This has been reported for other crops as well; stems contain 
lower B concentrations than leaf tissue (Gupta, 1978). When B 
was applied at Tl, T2 or T3, the leaf tissue analysis showed a 
corresponding increase in the B concentration. Accumulation of 
B early in the growing season, was greatest when B was broadcast. 
When leaf tissue was sampled six weeks after transplanting, leaf 
tissue B concentrations in the broadcast and banded applications 
were not significantly different. Leaf tissue from foliar 
treatments showed, in general, the lowest B content in the leaf 
and in the curd. 
In a study by Gupta and Cutcliffe (1973) on the B nutrition 
of cauliflower, B concentration in early leaf tissue samples 
ranged from 8 to 97 ppm. Within this range, no plants showed 
deficiency symptoms. The MRM leaf tissue was sampled when 5% of 
the curd had formed. This would approximate the leaf tissue 
samples taken at. week nine in the South Deerfield experiment. 
All leaf tissue concentrations in the South Deerfield experiment 
at this time of sampling as well as throughtout the growing 
season were well within this range. Based on Gupta and 
Cutcliffe's data, there was sufficient B in the leaf tissue in 
the South Deerfield experiment. It may be concluded that this 
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was not a B deficiency, but rather an inabilility for the plant to 
effectively utilize the B that had been accumulated. 
Correlations 
The intent in measuring B in the MRM leaf tissue, in 
addition to determining differences in B content due to the time, 
method and rate of application of B fertilizer, was to relate B 
concentration in the leaf tissue to incidence of brown curd and 
hollow stem disorders. Correlation coefficients were 
calculated for all sampling dates for the relationship between 
brown curd and hollow stem rating and 1) the B leaf tissue 
concentration, 2) Ca leaf tissue concentrations and 3) Ca:B 
ratios. 
Brown Curd/Leaf tissue B 
The correlation of the leaf tissue B concentrations and the 
brown curd ratings showed, in general, a negative trend (Table 
11). The higher the B concentration in the leaf tissue, the 
lower the incidence of brown curd. When B fertilizer was 
applied at planting, the broadcast and banded application of B 
showed the most consistent correlations across sampling dates. 
These relationships were not significant, however. When B was 
applied foliarly, the analysis of the week six sampling showed a 
significant negative relationship between leaf tissue B 
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Table 11. Correlation coefficients for brown curd and leaf 
tissue B concentrations at South Deerfield. 
Time/Method 
Week 3 
Sampl ing 
Week 6 
Date 
Week 9 Week 12 
Transplanting 
Broadcast -.36 
Correlation 
-.40 
Coefficient 
-.36 -.10 
Banded -.45 -.12 -.30 -.29 
Foliar .14 -.54* -.15 -.40 
Three Week 
Broadcast -.13 .77* -.07 .28 
Banded -.29 -.26 -.33 -.29 
Foliar .07 .30 .06 .20 
Six Week 
Broadcast -.44 .06 -.20 .10 
Banded .21 -.49 -.06 .07 
Foliar -.12 -.04 -.38 .07 
* significant at .05 level. 
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concentration and the incidence of brown curd. However, the - 
0.54 correlation coefficient accounts for only 25% of the 
variation between these two variables and thus, has limited 
predictive value. 
For B application at three weeks, the only significant 
correlation was between the broadcast treatment and B in tisssue 
collected six weeks after transplanting. The positive 
correlation (0.77) observed was very unexpected. The remaining 
correlations were, in general, negative, but very poor. 
When B was applied six weeks after transplanting, no 
significant relationships were observed between the leaf tissue 
B concentration and the brown-curd rating. 
Hollow Stem/Leaf tissue B 
The only significant correlations between leaf tissue B and 
hollow stem occurred when B was applied at transplanting (Table 
12). In tissue sampled nine weeks after transplanting, a 
significant negative correlation was observed when B was 
broadcast (-0.67*). A significant negative correlation was 
observed for tissue sampled at harvest for the banded 
application (-0.56*). The foliarly applied B, in general 
showed the poorest correlations of all methods and at all times 
of B fertilization. The B applied at transplanting showed, in 
general, better correlations than when applied after three or 
six weeks. 
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Table 12. Correlation coefficients for hollow stem and leaf 
tissue boron concentrations at South Deerfield. 
Time/Method 
Week 
Sampling 
3 Week 6 
Date 
Week 9 Week 12 
Correlation Coefficient 
Transplanting 
Broadcast -.26 -.34 -.67* -.23 
Banded -.39 -.02 -.30 -.56* 
Foliar .10 -.14 .36 .08 
Three Week 
Broadcast .12 -.11 -.00 -.01 
Banded -.04 -.37 -.18 -.38 
Foliar .39 .01 -.09 -.11 
Six Week 
Broadcast -.22 .29 .00 .26 
Banded .38 -.29 -.42 -.21 
Foliar -.34 .05 .12 .21 
★ significant at .05 level 
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The Ca:B ratios in leaf tissue were no better at predicting 
hollow stem or brown curd disorders than were the B 
concentrations themselves (Table 13,14). Correlations were 
also calculated for Ca and brown curd and calcium and hollow stem 
(Table 15,16). Again, no significant pattern emerged. It can 
be concluded that the use of leaf tissue B concentrations or Ca:B 
ratios as a predictor of B disorders seen later in the season is 
not reliable. There were significant relationships, but no 
pattern emerged from the data. Considering the narrow range of 
the ratings of B disorders due to the high incidence of hollow 
stem and brown curd in this particular growing season, this would 
be expected. A better quantitative indication of the 
deficiency symptoms (i.e., a laboratory analysis of the phenolic 
concentration as an indicator of deficiency) might allow an 
experimenter to develop better relationships. 
Calcium Data 
For all sampling dates, a significant relationship was 
observed between the method of B applied and the concentration of 
Ca in the MRM leaf tissue. The time and rate of B application had 
no effect on the Ca levels in the leaf tissue. Analysis of the 
tissue sample taken at week three showed that the broadcast 
treatment was higher in Ca (1.53%) than the banded (1.41% Ca) and 
the foliar (1.19% Ca) treatments (Fig. 7). The tissue sampled 
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Table 13. Correlation coefficients for brown curd and Ca:B 
ratios in MRM leaf tissue at South Deerfield. 
Time/Method 
Week 
Sampling Date 
3 Week 6 Week 9 Week 12 
Correlation Coefficient 
Transplanting 
Broadcast .07 .15 .20 .29 
Banded .17 -.07 .45 .46 
Foliar -.15 .32 .06 .59* 
Three Weeks 
Broadcast -.52* -.47 .05 -.31 
Banded .15 .29 .45 .26 
Foliar -.13 -.48 -.02 .06 
Six Weeks 
Broadcast .52* -.36 -.01 .07 
Banded .24 .49* .30 .31 
Foliar .38 -.23 .11 .28 
* significant at .05 level. 
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Table 14. Correlation coefficients for hollow stem and Ca:B 
ratio in MRM leaf at South Deerfield. 
Time/Method 
Week 3 
Sampling 
Week 6 
Date 
Week 9 Week 12 
Correlation Coefficient 
Planting 
Broadcast .17 .50* .36 .41 
Banded .04 -.14 .29 .24 
Foliar -.29 .41 -.46 -.32 
Three Weeks 
Broadcast -.11 -.12 .16 .10 
Banded .16 .28 .49 .35 
Foliar -.37 -.15 .25 .06 
Six Weeks 
Broadcast .30 -.35 -.05 .40 
Banded -.10 .20 .24 .19 
Foliar .05 .10 .31 .31 
* significant .05 level 
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Table 15. Correlation coefficients for brown curd and leaf 
tissue calcium concentrations at South Deerfield. 
Time/Method Sampling Date 
Week 3 Week 6 Week 9 Week 12 
Correlation i Coefficient 
Planting 
Broadcast -.37 -.43 -.22 .29 
Banded -.29 -.64** -.02 .32 
Foliar -.00 -.34 -.19 .16 
Three Weeks 
Broadcast -.57 .10 -.05 -.19 
Banded -.10 -.36 .14 -.06 
Foliar -.05 -.18 -.11 .09 
Six Weeks 
Broadcast .22 -.29 -.20 .26 
Banded .46 .03 .36 .58 
Foliar .10 -.17 .32 .56 
* significant at .05 level. 
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Table 16. Correlation coefficients for hollow stem and calcium 
leaf tissue concentrations at South Deerfield. 
Time/Method Sampling Date 
Week 3 Week 6 Week 9 Week 12 
Correlation Coefficient 
Planting 
Broadcast .13 .22 -.54* .30 
Banded -.32 -.67** -.20 -.11 
Foliar -.24 .15 -.12 -.18 
Three Weeks 
Broadcast -.09 -.10 .18 .15 
Banded .22 -.31 .40 -.10 
Foliar .11 -.14 .16 -.17 
Six Weeks 
Broadcast .15 -.02 .09 .75** 
Banded .26 -.13 -.15 .08 
Foliar -.17 .08 .08 .52* 
* significant at .05 level. 
** significant at .01 level. 
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BR BA FO 
Figure 7. Calcium content in 
after transplanting. 
FO=foliar application 
leaf tissue sampled three weeks 
BR=broadcast, BA=banded, and 
of B fertilizer. 
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at week six showed the same trend: broadcast (0.72% Ca) , banded 
(0.64% Ca) and foliar (0.61% Ca) . Mean levels of Ca were reduced 
as compared to the preceding sampling date (Fig. 8). When 
tissue was sampled nine weeks after transplanting, no difference 
was found between the soil applied methods (broadcast (0.72% Ca) 
and banded methods (0.67% Ca) (Fig. 9). However, leaf tissue 
from foliar treatments showed a significantly lower Ca 
concentration (0.55% Ca). The same trend is seen at harvest 
(week twelve): broadcast (0.96% Ca) , banded (1.0% Ca) and foliar 
(0.83% Ca) (Fig. 10). 
A significant interaction was observed between the time and 
rate of B application in the curd Ca analysis (Table 17). 
Discussion 
The significant relationship between the method of B 
fertilization and the Ca content of the leaf tissue suggests that 
when applied to the soil, the uptake of Ca is enhanced by the 
presence of B in the soil solution. This may be due to an effect 
of B on membrane function. Because Ca uptake is limited to the 
region behind the root tip, this effect on membrane function may 
enhance root growth enabling greater surface area for Ca uptake. 
Foliar application of B would not enable this enhanced growth to 
occur at the roots, resulting in lower Ca content in the leaf 
tissue. 
\ 
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BR BA FO 
Figure 8. Calcium content in leaf tissue sampled six weeks 
after transplanting. BR=broadcast, BA=banded, FO=fo- 
liar application of B fertilizer. 
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BR BA FO 
Figure 9. Calcium content in leaf tissue sampled nine weeks 
after transplanting. BR=broadcast, BA=banded, and 
FO=foliar application of B fertilizer. 
P
E
R
C
E
N
T
 
C
A
L
C
/U
M
 
67 
Figure 10. Calcium content in leaf tissue sampled twelve 
after transplanting. BR=broadcast, BA=banded 
F0= foliar application of B fertilizer. 
weeks 
and 
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Table 17. The effects of time and rate of B fertilization on 
percent curd Ca at South Deerfield. 
Time B application. kg ha"1 
0.0 2.2 4.4 6.6 Mean2 
Percent Ca 
Transplanting .25 .27 .30 .29 .28b 
Three weeks .29 .30 .30 .31 .30a 
Six weeks .26 .28 .25 .28 .27c 
z Orthogonal contrasts used for mean separation. p=,05. 
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Summary of Calcium Data 
A summary of the leaf tissue sampling (Fig. 11) showed an 
overall decline in the Ca concentration over the sampling dates 
at weeks three, six and nine. At the week twelve sampling, the 
Ca concentrations increased slightly with all methods of 
fertilizer application. This may have been due to rainfall that 
occurred prior to the twelfth week sampling. The curd Ca 
concentrations were, in general, lower than leaf tissue. The Ca 
concentrations ranged from 0.3 to 1.6 percent in all tissue 
samples and 0.25 to 0.35 in the curds. 
Conclusions 
The results of the harvest data in the South Deerfield 
experiment showed that, in this particular season, the time of 
application of B fertilizer was not a significant factor in 
controlling brown curd or hollow stem. However, in a study 
carried out the previous summer (Hochmuth and Preucheur, 1982), 
•s 
it was concluded that the best control of the deficiency was 
achieved when B fertilizer was applied at planting. In the 
South Deerfield experiment the best control of the brown curd or 
hollow stem disoders was seen when using 2.2 kg ha“^. 
The method of application was also not a significant factor 
in controlling the B disorder. In the study carried out in the 
previous season, the broadcast method was superior to the foliar 
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Figure 11. Summary of calcium content in leaf tissue and curd 
over growing season. Wk 3, Wk 6, Wk 9, Wk 12 = sampling 
dates after transplanting. Tl=ferti1izer application 
at transplanting, T2=fertilizer application three 
weeks after transplanting, T3=fertilizer application 
six weeks after transplanting. Methods of application 
of B fertilizer = 1) broadcast, 2) banded and 3) foliar. 
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application in controlling the disorder. This was not apparent 
in the South Deerfield study. However, the broadcast 
application showed the greatest leaf tissue B concentration of 
anymethod of application at the early sampling date. Uptake of 
B early in the season may be a significant factor in controlling 
the disorders. 
The rate of B application was the only significant factor 
affecting the incidence of the disorders. The disorders were 
significantly reduced when 2.2 kg ha”-1- was applied. Taking this 
into consideration, the leaf tissue B concentrations when 2.2 
kg ha"l B was applied, and for all time and method applications, 
at sampling weeks three, six, nine, and twelve were as follows: 
65 ppm B, 35 ppm B, 41 ppm B, and 41 ppm B. According to Gupta, 
these concentrations are well within the sufficiency range. 
If the assumption that using the MRM leaf tissue to measure the B 
status of the plants has validity, these plants should have been 
free of the disorders. 
However, based on the correlation data, the use of the B 
content in the MRM leaf tissue as an indicator of deficiency is 
apparently not a very accurate means of assessing the B status of 
the plant. It is clear that the method of application affects 
the concentration of B in the leaf tissue and yet, there was no 
difference found between the methods of application as they 
affected the brown curd or hollow stem rating. The time of 
application also affected the B concentration in the plant and 
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yet it also had no bearing on the incidence of brown curd or 
hollow stem. The range in the ratings of brown curd and hollow 
stem were limited and they were subjective evaluations of the 
deficiency. A more quantitative approach to scoring the 
deficiency may have resulted in better relationships between the 
leaf tissue and curd B concentrations and the deficiency 
ratings. In addition, the correlations were based on 
comparisons between means of hollow stem and brown curd ratings 
in each plot and the B content in composite leaf samples. More 
accurate assessment of the relationship would be possible if 
samples of individual plants had been used. In this particular 
experiment this would not have been possible considering the 
large number of samples that would have been generated. A 
simpler design would have allowed for a more thorough 
investigation of these relationships. 
The results of statistical analysis of the Ca data showed 
that the Ca content of the leaf tissue was significantly affected 
by themethod of B application. Ca content of tissue from plants 
in which soil B had been applied was signif icantly higher than in 
foliar treatments. A comparison of the effect of method of 
application on both B and Ca concentrations at any given sampling 
showed that when B concentratons were high, Ca levels were also 
high. It would be interesting to know if, in general, other 
plant nutrients were similarly affected. It is possible that , 
if B plays a significant role in membrane integrity, the growth 
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of the root and the uptake of nutrients at the plasmalemma may 
have been increased by the presence of B in the soil solution. 
However, the relationship between Ca and B nutrition as it 
effects hollow stem and brown curd requires further 
investigation. 
CHAPTER IV. 
Sunderland 
Results, Discussion and Conclusions 
Harvest Data 
Curd Weight 
A significant relationship was observed between the weight 
of the curd and the rate of B applied (Table 18) • When B was not 
applied, the curd weight was significantly lower than when B 
was applied. 
Brown Curd 
No relationship was found between treatments and the brown 
curd rating. The mean rating was 2.6, rendering the entire 
field unmarketable due to spoilage of the curd (Table 19). 
Hollow Stem 
No relationship was found between hollow stem rating and 
the time or method of B application. However, a significant 
relationship was observed between hollow stem rating and rate of 
B applied (Table 20a) . When B was not applied, the mean hollow 
stem rating was significantly higher than when 2.2, 4.4, or 6.6 
74 
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Table 18. The effects of 
fertilization on curd weight 
time, method 
at Sunderland. 
and rate of B 
Treatments B applicati 
0.0 2.2 
on, kg 
4.4 
ha 1 
6.6 Mean2 
Curd Weight , kg 
Broadcast at planting 0.4 0.6 0.7 0.6 0.58a 
50% br.+, 50% foliar at 3 wks. 0.4 0.7 0.8 0.6 0.63a 
50% br., 50% foliar at 6 wks. 0.8 0.8 0.9 0.9 0.85a 
50% br., 50% banded at 3 wks. 0.5 0.7 0.7 0.6 0.60a 
50% br., 50% banded at 6 wks. 0.6 0.6 0.6 0.8 0.65a 
Meanx 0.5a 0.7b 0.6b 0.7b 
2 Average for all rates of B for each treatment. Orthogonal 
contrasts were used for mean separation. p=ns. 
x Average for all methods of B application at each rate. 
Orthogonal contrasts were used for mean separation. p=.05. 
+ Broadcast at transplanting. 
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Table 19. Effect of time, method and rate of B fertilization on 
brown curd rating at Sunderland. 
Treatments B application , kg ha”^ 
0.0 2.2 4.4 6.6 Mean2 
Brown Curd Rating 
Broadcast at transplanting 3.6 3.0 2.7 3.0 3.0a 
50% br. + . 50% foliar at 3 wks. 2.2 2.5 3.1 2.9 2.7a 
50% br., 50% foliar at 6 wks. 3.0 2.7 2.0 2.0 2.4a 
50% br.. 50% banded at 3 wks. 3.3 2.9 2.0 1.9 2.5a 
50% br.. 50% banded at 6 wks. 3.1 2.1 2.2 2.3 2.4a 
Mean* 3.0a 2.6a 2.4a 2.4a 
+ Broadcast at transplanting 
2 Average over all rates. Orthogonal contrasts were used for 
mean separation. p=ns. 
x Average over all methods at each rate. Orthogonal contrasts 
were used for mean separtion. p=ns. 
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Table 20. Effects of time, method and rate of B fertilization on 
hollow stem rating at Sunderland. 
Treatments B application 
0.0 2.2 
, kg 
4.4 
ha"1 
6.6 Mean2 
Broadcast at transplanting 8.1 4.9 4.4 4.8 5.6a 
50% br. + , 50% foliar at 3 wks. 6.6 3.6 4.4 2.4 4.3a 
50% br., 50% foliar at 6 wks. 7.6 5.0 4.2 3.8 5.1a 
50% br., 50% banded at 3 wks. 7.0 5.9 3.5 4.0 5.3a 
50% br., 50% banded at 6 wks. 6.3 4.2 3.8 4.1 4.6a 
MeanY 7.1a 4.7b 4.0b 4.0b 
+ Broadcast at transplanting. 
y Average over all methods. Orthogonal contrasts were used to 
separate means. p=.01. 
z Average over all rates for each method. 
were used to separate means. p=ns. 
Orthogonal contrasts 
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kg ha“l B was applied. No difference was found statistically 
between 2.2, 4.4, and 6.6 kg ha”l B. 
B concentration in curds 
The time and method of B application had no effect on the 
curd B concentration. However, when B was not applied, the curd 
B concentration was significantly less than when 2.2, 4.4, or 6.6 
kg ha”3- B was applied (Table 20b) . No difference in B 
concentration in the curd was found among these rates. 
Correlation Coefficients 
The correlations between brown curd rating and-B content of 
the curds were poor for all treatments (Table 21)• A 
significant positive relationship was found between the brown 
curd rating and the B content in curd of TRT 2 (i.e., half 
broadcast at transplanting, half foliar, three weeks after 
transplanting). It would appear that the foliar application 
was toxic to some extent, producing a browning of the curd. 
However, this is unlikely. 
The correlations between the hollow stem rating and B 
content of the curds were also poor for all treatments. A 
significant negative relationship was found between hollow stem 
rating and B content of curds in TRT 1, 2 and 3 (i.e., TRT. 1/ all 
broadcast at transplanting, TRT 2, half broadcast at 
transplanting, half foliarly three weeks after transplanting, 
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Table 20b. Effects of time, method and rate of B fertilization 
on curd B concentrations at Sunderland. 
Treatment 
Broadcast at transplanting 
50% br.+, 50% foliar at 3 wks. 
50% br., 50% foliar at 6 wks. 
50% br., 50% banded at 3 wks. 
50% br., 50% banded at 6 wks. 
Meanx 
B application, kg ha”-1- 
0.0 
C
M
 . 
C
N
 4.4 6.6 Mean2 
19 34 37 41 33a 
18 33 34 36 30a 
21 36 34 34 31a 
19 31 33 31 29a 
21 33 37 38 33a 
20a 33b 35b 36b 
+ Broadcast at transplanting. 
z Average over all rates for each methods. Orthogonal contrasts 
were used for mean separation. p=ns. 
x Average over al methods. Orthogonal contrasts were used for 
mean separation. p=.01. 
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Table 21. Correlation coefficients for B disorders and curd B 
concentrations at Sunderland. 
Treatment Brown Curd/B Hollow Stem/B 
Broadcast at transplanting 
50% br. + , 50% foliar at 3 wks 
50% br., 50% foliar at 6 wks. 
50% br., 50% banded at 3 wks. 
50% br., 50% banded at 6 wks. 
Correlation Coefficient 
.11 -.53* * ** 
.56* -.53* 
.29 -.57* 
.31 -.48 
.10 -.16 
+ Broadcast at transplanting. 
* significant at p=.05. 
** significant at p=.05. 
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TRT 3, half broadcast at transplanting, half foliarly six weeks 
after transplanting.) 
Discussion 
The results of the harvest data showed that brown curd was 
more severe than in South Deerfield. It was not possible to 
control the deficiency or reduce its incidence using different 
methods of B application, at different times. The amount of B. 
applied was not related to the incidence of brown curd. This is 
in contrast to the experiment at South Deerfield, where a 
relationship was seen between brown curd rating and the rate of B 
applied. The curd weight was affected by the amount of B 
applied, although no difference in curd weight was seen when 
2.24, 4.48 and 6.72 kg ha”1 B was applied. 
The relationship between the curd size and the severity of 
brown curd is interesting. In South Deerfield, the mean brown 
curd rating of 1.79 wasmuch lower, and the mean weight (1.12 kg) , 
much higher than in Sunderland. In contrast, the mean hollow 
stem rating in Sunderland of 5.0 was lower than in South 
Deerfield (7.1), i.e., the larger the plant, the higher the 
hollow stem rating and the smaller the curd, the higher the brown 
curd rating. 
Leaf Tissue Data 
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Week Six Sample 
The B leaf tissue concentration sampled six weeks after 
transplanting was affected by the time and method of application 
of B as well as by the rate of B applied. The broadcast 
application at planting (TRT1) resulted in higher B 
concentrations in the tissue than all other treatments (Table 
22) . No difference was found in B content in leaf tissue when 
2.2, 4.4, or 6.6 kg ha”F22 
B was applied. Boron content in the leaf tissue increased in the 
split applications (TRT 2 to 5) as a function of the rate applied 
but no difference in B content of the leaf tissue was found among 
these treatments. 
Week Nine Sample 
In leaf tissue sampled nine weeks after transplanting, no 
difference was found in the B concentration in the tissue when B 
was applied at transplanting, three or six weeks, or between 
the methods of application (Table 23) . When B was not applied, 
the B content in the leaf tissue was significantly lower than 
when 2.2, 4.4 or 6.6 kg ha”1 was applied. No difference was 
found in B levels in leaf tissue among these rates. 
Week Twelve Sample 
As seen in the South Deerfield experiment, the difference 
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Table 22. Effects of time, method and rate of B fertilization on B 
content in leaf tissue sampled six weeks after tranplanting at 
Sunderland. 
Treatment B application, kg 
0.0 2.2 4.4 
ha”1 
6.6 Mean2 
Leaf B, ppm 
Broadcast at transplanting 24 47 52 55 45a 
50% br.+, 50% foliar 3 wks. 21 40 43 53 39b 
50% br., 50% foliar 6 wks. 25 36 38 45 36b 
50% br., 50% banded 3 wks. 25 44 47 51 42b 
50% br., 50% banded 6 wks. 26 42 42 46 39b 
+ Broadcast at transplanting. 
z Average over all rates of B application, 
were used for mean separation. p=.05. 
Orthogonal contrasts 
Table 23. Effects of time, method and rate of B fertilization on B 
content in leaf tissue sampled nine weeks after transplanting at 
Sunderland. 
Treatment B application 
0.0 2.2 4.4 
, kg ha-1 
6.6 Meany 
Leaf B, ppm 
Broadcast at transplanting 18 42 43 56 40a 
50% br.+, 50% foliar at 3 wks. 18 37 42 53 38a 
50% br., 50% foliar at 6 wks. 23 50 44 50 42a 
50% br., 50% banded at 3 wks. 19 45 44 48 39a 
50% br., 50% banded at 6 wks. 22 39 43 44 37a 
Mean2 20a 43b 43b 50b 
* Broadcast at transplanting. 
2 Average over all methods of B application. Orthogonal 
contrasts were used for mean separation. p=.01. 
y Average over all rates of B application for each method. 
Orthogonal contrasts were used for mean separation. p=ns. 
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between the time, method and rate of application of the 
fertilizer again became evident in leaf tissue sampled at 
harvest. When B was applied broadcast at planting (TRTl) a 
higher leaf tissue B concentration was found than in leaf tissue 
samples from the split applications (Table 24). 
. 
Discussion 
Environmental factors (moisture, light and temperature) 
may have contributed significantly to B disorders in all 
treatments. The tissue data showed no enhancement of B levels 
in leaf tissue due to supplemental B treatments. This is in 
contrast to the South Deerfield experiment, where, in general, 
the week three and week six applications for all methods resulted 
in differences in the B content in leaf tissue. In the South 
Deerfield experiment, when B was applied three weeks previously, 
it was detected in the tissue analysis. This was not evident in 
the Sunderland experiment. However when B was applied, an 
increase in leaf tissue B concentration was observed. 
Correlation Coefficients 
Brown Curd 
The relationship between the B concentration in the MRM 
leaf tissue and the brown curd rating was negative for all times 
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Table 24. Effects of time, method, and rate of B fertilization on 
B content in leaf tissue sampled twelve weeks after 
transplanting at Sunderland. 
Treatment B application. kg ha”1 
0.0 2.2 4.4 6.6 Mean 
Leaf B , ppm 
Broadcast at transplanting 18 45 49 64 44a 
50% br.+ , 50% foliar 3 wks. 20 40 47 57 41b 
50% br., 50% foliar 6 wks. 19 51 45 45 40b 
50% br., 50% banded 3 wks. 19 40 53 57 42b 
50% br., 50% banded 6 wks. 19 39 39 50 37b 
+ Broadcast at transplanting. 
z Average, over all rates'of B application. Orthogonal contrasts 
were used to separate means. p=.05. 
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and methods of application except the foliar treatment three 
weeks after transplanting (TRT 2) (Table 25) . This 
relationship was positive and significant for leaf tissue 
sampled nine and twelve weeks after transplanting. 
Hollow Stem 
The relationship between B concentration in the MRM leaf 
tissue and hollow stem rating was negative for all time and 
methods of B application (Table 26). In contast to the brown 
curd correlations, the foliar aplications at three weeks showed 
significant negative relationships for all weekly samples and 
for the curd data. The best relationships were seen between 
hollow stem and leaf tissue B in the Sunderland experiment. 
Conclusions 
The results of the harvest data in the Sunderland 
experiment again showed a very high incidence of brown curd and 
hollow stem disorders. Leaf tissue concentrations were, in 
general, similar to those seen in South Deerfield for the 
broadcast application at planting, the only comparable 
treatment. However, hollow stem ratings and curd weights were 
much lower in Sunderland, while brown curd ratings, were much 
higher than in South Deerfield. It is the author's opinion that 
drought stress was more severe in the Sunderland location than in 
South Deerfield due to the nature of the site. The plants at 
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Table 25. Correlation coefficients for brown curd and leaf 
tissue B concentrations at Sunderland. 
Treatment Wk.6 Wk.9 Wk. 12 
Correlation Coefficient 
Broadcast at transplanting -.29 -.20 -.29 
50% br. *, 50% foliar at 3 wks. .34 .61** .50* 
50% br., 50% foliar at 6 wks. -.38 -.05 -.17 
50% br.,,50% banded at 3 wks. -.31 -.22 -.38 
50% br., 50% banded at 6 wks. -.51* -.37 -.24 
* significant at .05 
** significant at .01 
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Table 26. Correlation coefficients for hollow stem and leaf 
tissue B concentrations at Sunderland. 
Treatment Wk.6 Wk.9 Wk. 12 
Correlation Coefficient 
Broadcast at transplanting -.72** -.49 -.58** 
50% br.+, 50% foliar at 3 wks. -.70** -.57* -.64** 
50% br., 50% foliar at 6 wks. -.53* -.45 -.41 
50% br., 50% banded at 3 wks. -.37 -.31 -.50 
50% br., 50% banded at 6 wks. -.58* -.54* -.40 
+ Broadcast at planting 
* significant at .05 
** significant at .01 
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Sunderland looked sickly after approximately six weeks growth. 
They were stunted, lost older leaves, and showed some curling of 
younger leaves. The same cultural practices were followed at 
all sites. At Sunderland, limited protection from wind was 
available, while in South Deerfield, Mt. Sugarloaf may have 
afforded some protection as well as provided additional moisture 
from run-off. 
The B content in leaf tissue, when applications of B were 
split, was not increased to any large extent because of the 
second (split) application of B. This may be further evidence 
to support the observation that lack of moisture may have 
effected the uptake of B. However, as seen in South Deerfield, 
the levels of B in the leaf tissue seemed to be well within the 
sufficiency range. It has been shown that plants previously 
showing normal growth or even B toxicity symptoms, can develop 
deficiency symptoms towards the end of their growth (Hobbs and 
Bartramson, 1949) . This may have been the case in South 
Deerfield, Sunderland and as will be shown, Plymouth. 
CHAPTER V 
Plymouth 
Results, Discussion and Conclusions 
Harvest Data 
Curd Weight 
The foliar treatment applied six weeks after transplanting 
(TRT 3) resulted in a lower curd weight than all other treatments 
(Table 27) . The remaining treatments (TRT 1, 2, 4, 5) were not 
statistically different from one another. 
Brown Curd Rating 
When B was not applied, the brown curd rating was 
significantly higher than when 2.2 or 4.4 kg ha”1 was applied. 
No difference in brown curd rating was observed when 2.2 and 4.4 
kg.ha.”1 B was applied. In addition, the foliar application at 
week three (TRT 2) showed significantly higher brown curd 
ratings than all other treatments (Table 28). 
Hollow Stem Rating 
No relationship was found between hollow stem rating and 
the time or method of B application. However, when B was 
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Table 27. Effects of time, method and rate of B fertilization on 
curd weight at Plymouth. 
Treatment B application, kg ha"1 
0.0 
CM
 . 
CM
 4.4 Mean2 
Curd Weight, kg 
Broadcast at transplanting 0.5 0.9 0.6 0.67a 
50% br .'r. 50% foliar at 3 wks. 0.7 0.9 0.9 0.83a 
50% br., 50% foliar at 6 wks. 0.2 0.3 0.7 0.40b 
50% br., 50% banded at 3 wks. 0.3 0.8 1.0 0.70a 
50% br., 50% banded at 6 wks. 0.6 1.2 0.7 0.83a 
+ Broadcast at planting 
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Table 28. Effects of time, method and rate of B fertilization on 
brown curd rating at Plymouth. 
Treatment B application, 
0.0 2.2 
kg ha” 
4.4 
1 
Mean2 
Brown Curd Rating 
Broadcast at transplanting 4.4 2.6 2.7 3.2a 
50% br. + , 50% foliar at three wks. 4.5 3.9 3.6 4.0b 
50% br., 50% foliar at six wks. 3.7 2.1 3.1 3.0a 
50% br., 50% banded at three wks. 3.6 2.9 2.7 3.0a 
50% br., 50% banded at six wks. 3.5 2.6 3.0 3.0a 
MeanY 4.0a 2.8b 3.0b 
+ Broadcast at transplanting. 
z Average of all methods of B fertilization. Orthogonal 
contrasts were used for mean separation. p=.01. 
y Average for all methods of B fertilization at all rates. 
Orthogonal contrasts were used for mean separation. p=.05. 
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applied, the hollow stem rating was significantly higher than 
when 2.2 or 4.4 kg ha”l B was applied. Hollow stem ratings were 
not statistically different when 2.2 or 4.4 kg ha”l B was applied 
(Table 29)• 
B content of curds 
No relationship was observed between the time and method of 
application of B fertilizer and the B concentration in leaf 
tissue (Table 30) . The curd B concentration increased linearly 
as a function of the rate of B applied. 
Correlation Coefficients 
No significant correlations were found between B disorders 
and curd B concentrations. One would expect a better 
relationship between the concentration of B in the curd and the 
browning of the curd. It is apparent from the results in 
Plymouth, Sunderland and South Deerfield that these disorders 
are not directly related to the B levels in the curds. The onset 
of the disorder may occur suddenly and in a localized position in 
the curd or apex of the stem. 
Discussion 
The results of the Plymouth harvest showed that curd weight 
was significantly reduced when 50% of the B was applied at 
planting and 50% applied foliarly, six weeks after transplanting 
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Table 29. Effects of time, method and rate of B fertilization on 
hollow stem rating at Plymouth. 
Treatment B application, 
0.0 2.2 
kg 
4.4 
ha”1 
Mean2 
Hollow Stem Rating 
Broadcast at transplanting 4.6 3.7 3.0 3.7a 
50% br.+, 50% foliar at three wks . 5.1 3.8 5.3 4.7a 
50% br., 50% foliar at six wks. 6.2 2.4 3.1 3.9a 
50% br., 50% banded at three wks. 5.6 2.4 2.7 3.6a 
50% br., 50% banded at six wks. 5.0 3.1 4.4 4. la 
Meanx 5.3a 3.1b 3.7b 
+ Broadcast at transplanting 
2 Average over all rates for each method of B fertilization. 
Orthogonal contrasts were used to separate means. p=ns. 
x Average over all methods of B fertilization. Orthogonal 
contrasts were used to separate means. p=.01. 
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Table 30. Effects of time, method and rate of B fertilization on 
curd B concentrations at Plymouth. 
Treatments B application , kg ha -1 
0.0 2.2 4.4 Mean2 
Curd B, ppm 
Broadcas 
50% br.* 
t at transplanting 27 38 38 34a 
, 50% foliar at three wks. 28 30 34 31a 
50% br., 50% foliar at six wks. 27 39 39 35a 
50% br., 50% banded at three wks. 26 34 45 35a 
50% br., 50% banded at six wks. 31 40 48 36a 
Meanx 28a 36b 39c 
+ Broadcast at transplanting. 
z Average over all rates for each method of B fertilization. 
Orthogonal contrasts were used for mean separation. p=ns. 
x Average over all methods of B fertilization. Orthogonal 
contrasts were used for mean separation. p*.05. 
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Table 31. Correlation coefficents for B disorders and curd B 
concentrations at Plymouth. 
Treatments Brown Curd Hollow Stem 
Correlation Coefficient 
Broadcast at transplanting -.50 -.18 
50% br. +, 50% foliar at 3 wks. -.06 .02 
50% br., 50% foliar at 6 wks. -.20 -.51 
50% br., 50% banded at 3 wks. -.16 -.53 
50% br., 50% banded at 6 wks. -.21 -.44 
+ Broadcast at transplanting 
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(TRT3). However, this treatment was not significantly 
different from the others in affecting brown curd or hollow stem 
ratings. 
The rate effect was consistent for all harvest 
measurements, i.e., 2.2 and 4.4 kg ha~l showed a significant 
increase in curd weight and decrease in brown curd and hollow 
stem ratings as compared to the absence of B application. In 
addition, brown curd was highest when 50% B was applied broadcast 
at planting and 50% applied foliarly three weeks after 
transplanting (TRT 2) . 
The plants in Plymouth and Sunderland showed comparable 
results in curd weight, hollow stem and brown curd. The plants 
were dwarfed and looked sickly as compared to the lush growth 
observed in South Deerfield. Comparable cultural practices 
were followed at all three locations. 
Leaf Tissue Data 
Week Three Tissue Sample 
In leaf tissue sampled three weeks after transplanting, the 
broadcast application at transplanting showed a higher leaf 
tissue B concentration than did the split applications. This 
merely reflects the fact that the split application of B had not 
yet been applied (Table 32). 
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Table 32. Effects of time, method and rate of B fertilization on B 
content in leaf tissue sampled three weeks from transplanting at 
Plymouth. 
Treatments B application, kg ha-1 Regression 
Significance 
0.0 tO
 
. h
J 4.4 Mean2 Linear 
Leaf B, ppm 
Broadcast at transplanting 23 78 243 115a ★ ★ 
50% br.+, 50% foliar at 3 wks . 27 56 74 52b ★ * 
50% br., 50% foliar at 6 wks. 20 47 91 53b ★ * 
50% br., 50% banded at 3 wks. 24 75 80 59b * 
50% br., 50% banded at 6 wks. 22 56 87 55b ★ ★ 
+ Broadcast at transplanting. 
z Mean over all rates of B fertilization, 
were used to separate means. p=.01. 
* significant at .05 
** significant at .01 
Orthogonal contrasts 
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Week Six Tissue Sample 
At this point in the growing season, the foliar and banded 
split applications (TRT 2 and 4, respectively) had been applied 
three weeks previously. The split applications (TRT 2 to 5) 
were not significantly different from one another (Table 33). 
The full broadcast application again showed higher leaf tissue B 
concentrations than all other treatments. 
Week Nine Tissue Sample 
No relationship was observed between the time and method of 
B application and leaf tissue B concentration (Table 34) . When 
B was not applied, however, the leaf tissue B content was 
significantly lower than when applications of 2.2 and 4.4 kg ha-1 
B were made. No statistical difference was found between the 
leaf tissue B concentrations when 2.2. and 4.4 kg ha"-*- was 
applied. 
Week Twelve Tissue Sample 
Again, no relationship was observed between the time or 
method of application of the fertilizer on the tissue B 
concentration (Table 35) . The rate of applied B showed a 
significant linear increase. 
Correlations 
Brown Curd 
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Table 33. Effects of time, method and rate of B fertilization on 
the B concentration in leaf tissue sampled six weeks after 
transplanting at Plymouth. 
Treatments B application, kg ha"-* * **- Regression 
Significance 
0.0 2.2 4.4 Mean2 Linx Quadw 
Leaf B, ppm 
Broadcast at transplanting 21 43 77 • 47a ★ * 
50% br.+, 50% foliar at 3 wks. 24 44 39 36b ns 
50% br., 50% foliar at 6 wks. 16 41 36 31b ★ ★ 
50% br., 50% banded at 3 wks. 20 47 41 36b ** 
50% br., 50% banded at 6 wks. 25 38 38 34b ns 
+ Broadcast at transplanting 
2 Average over all rates of B fertilization. Orthogonal 
contrasts were used for mean separation. p=.01. 
x Linear. 
w Quadratic. 
* significant at .05 
** significant at .01 
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Table 34. Effects of time, method and rate of B fertilization on 
leaf tissue B sampled nine weeks after transplanting at 
Plymouth. 
Treatments B application, kg ha”1 
0.0 2.2 4.4 Mean 
Leaf B , ppm 
Broadcast at transplanting 27 36 43 35a 
50% br.+. 50% foliar at three wks. 25 38 40 35a 
50% br., 50% foliar at six wks. 20 43 40 34a 
50% br.. 50% banded at three wks. 22 33 36 30a 
50% br.. 50% banded at six wks. 22 36 40 33a 
Meanx 23a 37b 40b 
+ Broadcast at transplanting. 
2 Average over all rates of B fertilization. Orthogonal 
contrasts were used to separate means. p=ns. 
x Average over all methods of B fertilization. Orthogonal 
contrasts were used to separate means. p=.01. 
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Table 35. Effects of time, method and rate of B fertilization on 
leaf tissue B sampled twelve weeks after transplanting at 
Plymouth. 
Treatments B application, kg ha-1 
0.0 2.2 4.4 Mean 
Broadcast at transplanting 27 38 38 34a 
50% br.+. 50% foliar at three wks. 28 30 34 31a 
50% br.. 50% foliar at six wks. 27 39 39 35a 
50% br., 50% banded at three wks. 26 34 45 35a 
50% br., 50% banded at six wks. 31 40 48 36a 
Meanx 28a 36b 39c 
+ Broadcast at transplanting. 
z Average over all rates for each method of B application. 
Orthogonal contrasts were used for mean separation. p=ns. 
x Average over all methods of B application. Orthogonal 
contrasts were used for mean separation. p=.05. 
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The relationship between tissue boron levels and the brown 
curd rating was negative for all treatments over all sampling 
dates (Table 36) . The only significant relationships occurred 
in the broadcast application at planting (TRT 1) at week nine and 
twelve, and in the foliar treatment applied six weeks from 
transplanting (TRT 3) and sampled at the sixth week. The 
earlier sampling dates (week three and six) show only a poor 
negative relationship between boron content and brown curd. 
The use of leaf tissue sampling as a diagnostic tool for boron 
deficiency would be severely limited. 
Hollow Stem 
A negative relationship, in general was seen between leaf 
tissue boron concentrations and hollow stem ratings (Table 37) . 
No clear patterns emerged however, between these two factors. 
As in South Deerfield and in Sunderland, the use of the leaf 
tissue boron concentration to predict deficiency was not 
feasible. 
Discussion 
The results of analysis of leaf tissue B concentrations in 
the Plymouth experiment were similar to Sunderland. The B 
applied in the split applications, in general, were not detected 
in the leaf tissue analysis. It appears that in each of these 
experiments, the B content in the leaf tissue due to the 50% 
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Table 36, Correlation coefficients for brown curd and leaf 
tissue B concentrations at Plymouth. 
Treatment Wk. 3 Wk. 6 Wk. 9 Wk. 12 
Correlation Coefficient 
Broadcast at transplanting -.52 -.52 -.64** -.83** 
50% br. +, 50% foliar at 3 wks. -.54 -.28 -.42 -.32 
50% br., 50% foliar at 6 wks. -.07 -.63* -.42 -.33 
50% br., 50% banded at 3 wks. -.27 -.33 -.23 -.14 
50% br., 50% banded at 6 wks. -.19 -.39 -.31 -.22 
* significant at .05 
** sgnificant at .01 
+ Broadcast at transplanting 
Table 37. Correlation coefficients for hollow stem and leaf 
tissue B concentration at Plymouth. 
Treatments Wk.3 Wk.6 Wk.9 Wk.12 
Cor relation Coefficient 
Broadcast at transplanting -.57* -.21 -.20 -.28 
50% br.+, 50% foliar at 3 wks. -.38 -.49 -.24 -.10 
50% br., 50% foliar at 6 wks. -.49 -.67* -.74** -.63* 
50% br., 50% banded at 3 wks. -.65* -.65* -.51 .04 
50% br., 50% banded at 6 wks. -.08 -.65 -.10 -.09 
* significant at p=.05. 
** significant at p=.01. 
+ Broadcast at transplanting 
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application at planting; did not increase when supplemental 
applications of banded or foliarly applied B were made. These 
supplements were ineffective reducing the incidence of the 
disorder. Again, environmental factors were apparently 
responsible for enhancing the disorder. 
Conclusions 
The results of these experiments indicate that the nature 
of B disorders in cauliflower is not well understood. The work 
was initially designed to answer some very basic questions about 
cultural practices in the growing of cauliflower. It has not 
been possible to draw definitive conclusions concerning the best 
time or method of B fertilization from the results of these 
experiments. It appears that applications in excess of 2.2 kg 
ha B”1 are contributing little to the control of B disorders, but 
that B does have some effect on the incidence of brown curd and 
hollow stem. The use of the MRM leaf tissue to assess the B 
status of the plants is limited. The lack of correlation may 
have been corrected through the use of a lower leaf tissue. 
However, the B content increases in older leaves. B content in 
the leaf tissue sampled appeared to be sufficient. Thus, 
sampling older tissuemay result in higher concentrations, which 
would not give additional information concerning deficiency of 
B. 
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Several questions and ideas for additional research have 
become obvious due to the results presented in this thesis. The 
effect of soil applied B on Ca content of leaf tissue requires 
further investigation. The symptoms of B and Ca deficiency have 
striking similarities (i.e, death of the apical meristem, 
dwarfing, leaf curling, browning) (Mengal and Kirkby, 1978) . 
The interaction between these nutients has been suggested but 
not considered in enough detail in the control of disorders 
caused by both nutrients. 
Based on the B leaf tissue analysis, it appears that there 
was sufficient B in the plants throughout the growing season. 
And yet the disorders were severe. A closer look at the onset of 
the disorder through a histological examination along with 
analysis of B content in the stem would help to elucidate the B 
levels required in the stem for healthy growth. It is possible 
that measuring B content does not correlated well with the 
disorders, even at the microscopic level. This would be useful 
information for extension staff and farmers who still rely on 
leaf tissue B concentration to determine deficiency. 
The effect of environmental factors on B disorders requires 
additional work. From previous work, it is clear that light 
intensity can enhance brown curd. Photoperiod has some effect 
on enhancing the disorder as well, which may have particular 
significance under conditions prevalent in Massachusetts. All 
experiments were carried out without irrigation. Although the 
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experiment was not designed to investigate moisture stress, it 
is clear that growers should be aware of the exceleration of the 
disorder when water is limiting. Further research should also 
take this factor into consideration. 
Because the physiological or biochemical role of B has not 
yet been determined, explanations of experimental observations 
are severely limited. It is difficult to make progress towards 
an understanding of the development of brown curd or hollow stem 
at a cellular, tissue or plant level without this information. 
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Appendix A 
Analysis of Variance: Curd Weight at South Deerfield. 
Source Error Term D.F.* Mean Square F Prob. 
Time (T) TB 2 .44 .76 .50 
Method (M) MB 2 1.18 2.09 .20 
Block (B) 3 .49 
Rate (R) BR 3 .04 .26 .85 
TM TMB 4 1.06 2.00 .15 
TB • 6 .58 
MB 6 .56 
TR TBR 6 .72 .61 .71 
MR MBR 6 .22 .57 .75 
BR 9 .16 
TMB 12 .53 
TMR TMBR 12 .53 1.36 . K>
 
ro
 
TBR 18 1.19 
MBR 18 .40 
TMBR 36 .38 
★ Degrees of freedom. 
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Appendix B 
Analysis of Variance: Brown Curd at South Deerfield. 
Source Error Term D.F. * Mean Square F Probability 
Time (T) TB 2 .46 3.15 .11 
Method (M) MB 2 .11 .42 .67 
Block (B) 3 .95 
Rate (R) BR 3 .90 4.55 .03 
TM TMB 4 .30 .63 .65 
TB 6 .14 
MB 6 .27 
TR TBR 6 .25 .87 .53 
MR MBR 6 .19 .72 .64 
BR 9 .19 
TMB 12 .49 
TMR TMBR 12 .41 1.36 .22 
TBR 18 .29 
MBR 18 .27 
TMBR 36 .30 
★ Degrees of freedom 
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Appendix C 
Analysis of Variance: Hollow Stem at South Deerfield. 
Source Error Term D.F.* Mean Square F Probability 
Time (T) TB 2 1.9 2.13 .19 
Method (M) MB 2 1.9 2.12 .20 
Block (B) 3 1.6 
Rate (R) BR 3 5.8 3.75 .05 
TM TMB 4 1.0 .73 .59 
TB 6 .8 
MB 6 .9 
TR TBR 6 .1 .08 .99 
MR MBR 6 .5 .31 .92 
BR 9 1.5 
TMB 12 1.4 
TMR TMBR 12 1.2 1.11 .37 
TBR 18 1.7 
MBR 18 1.7 
TMBR 36 1.1 
* Degrees of Freedom 
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Appendix D 
* 
Analysis of Variance: B concentration in leaf tissue taken three 
weeks after transplanting at South Deerfield. 
Source Error Term D.F.* Mean Square F Probabilit; 
Time (T) TB 2 3064.8 7.56 .02 
Method (M) MR 2 4084.6 7.38 .02 
Block (B) 3 196.1 
Rate (R) BR 3 542.4 8.68 .00 
TM TMB 4 1396.5 5.19 .01 
TB 6 405.1 
MB 6 553.2 
TR TBR 6 785.7 6.96 .00 
MR • MBR 6 316.9 4.12 .00 
BR 9 62.4 
TMB 12 269.2 
TMR TMBR 12 307.4 2.76 .00 
TBR 18 112.9 
MBR 18 76.9 
TMBR 36 111.4 
★ Degrees of freedom 
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Appendix E 
Analysis of Variance: B concentration in leaf tissue sampled six 
weeks after transplanting at South Deerfield. 
Source Error Term D.F.* Mean Square F Probabili t; 
Time (T) TB 2 2690.8 29.53 .00 
Method (M) MB 2 119.8 .71 .52 
Block (B) 3 67.2 
Rate (R) BR 3 1155.6 26.13 .00 
TM TMB 4 241.3 3.42 .04 
TB 6 91.1 
MB 6 168.4 
TR TBR 6 501.6 6.33 .00 
MR MBR 6 38.9 .93 .49 
BR 9 44.2 
TMB 12 70.4 
TMR TMBR 12 59.1 1.58 .14 
TBR 18 47.6 
MBR 18 41.8 
TMBR 36 37.4 
★ Degrees of freedom 
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Appendix F 
Analysis of Variance: B concentration in leaf tissue taken nine 
weeks after transplanting at South Deerfield. 
Source Error Term D.F.* Mean Square F Probabili t; 
Time (T) TB 2 26.5 .40 .69 
Method (M) MB 2 966.4 7.84 .02 
Block (B) 3 412.8 
Rate (R) BR 3 565.7 17.15 .00 
TM TBM 4 1.4 .06 .99 
TB 6 67.1 
MB 6 123.2 
TR TBR 6 33.3 1.00 .46 
MR MBR 6 45.9 2.87 .04 
BR 9 33.0 
TMB 12 24.3 
TMR TMBR 12 30.4 1.07 .42 
TBR 18 33.4 
MBR 18 16.0 
TMBR 36 28.5 
* Degrees of freedom 
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Appendix G 
Analysis of Variance: B concentration in leaf tissue taken 
twelve weeks after transplanting at South Deerfield. 
Source Error Term D.F.* Mean Square F Probabi li t; 
Time (T) TB 2 159.4 7.21 .03 
Method (M) MB 2 474.2 1.75 .25 
Block (B) 3 133.9 
Rate (R) RB 3 2141.9 20.90 .00 
TM TMB 4 105.0 4.60 .02 
TB 6 22.1 
MB 6 271.3 
TR TBR 6 43.9 1.04 .43 
MR MBR 6 63.5 1.56 .22 
BR 9 102.5 
TMB 12 22.8 
TMR TMBR 12 27.6 .67 .77 
TBR 18 42.4 
MBR 18 40.8 
TMBR 36 41.0 
* Degrees of freedom. 
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Appendix H 
Analysis of Variance: Curd B concentration at South Deerfield. 
Source Error Term D.F.* Mean Square F Probability 
Time (T) TB 2 144.12 1.38 .32 
Method (M) MB 2 2190.29 8.84 .01 
Block (B) 3 189.38 
Rate (R) BR 3 425.83 19.63 .00 
TM TMB 4 79.46 1.94 .22 
TB 6 104.13 
MB 6 247.65 
TR TBR 6 19.23 .72 .63 
MR MBR 6 64.01 3.21 .02 
BR 9 21.68 
TMB 12 48.51 
TMR TMBR 12 21.71 
00 
o
 . . 00 
TBR 18 26.61 
MBR 18 19.93 
TMBR 36 22.05 
* Degrees of freedom 
Appendix I 
Analysis of Variance: Calcium concentration of leaf tissue taken 
three weeks after transplanting at South Deerfield. 
Source Error Term D.F.* Mean Square F Probability 
Time (T) TB 2 .20+08 2.93 .13 
Method (M) BM 2 .15+09 20.01 .00 
Block (B) 3 .18+08 
Rate (R) BR 3 .30+07 1.53 .27 
TM TMB 4 .62+07 1.06 .42 
TB 6 .69+07 
MB 6 .73+07 
TR TBR 6 .11+08 2.20 .09 
MR MBR 6 .23+07 .47 .82 
BR 9 .20+07 
TMB 12 .59+07 
TMR TMBR 12 .74+07 1.45 .19 
TBR 18 .51+07 
MBR 18 .49+07 
TMBR 36 .51+07 
* Degrees of freedom 
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Appendix J 
Analysis of Variance: Calcium concentrations in leaf tissue 
taken six weeks from transplanting at South Deerfield. 
Source Error : Term D.F.* Mean Square F Probabili t; 
Time (T) TB 2 4067892 1.63 .27 
Method (M) MB 2 13032669 6.71 .03 
Block (B) 3 857334 
Rate (R) RB 3 1677180 1.62 .25 
TM TMB 4 2205598 2.13 .14 
TB 6 2469043 
MB 6 1943100 
TR TRB 6 966973 1.56 .22 
MR MBR 6 664224 .87 .53 
BR 9 1037253 
TMB 12 1033614 
TMR TMBR 12 1017414 1.60 .14 
TBR 18 619023 
MBR 18 762515 
TMBR 36 637378 
* Degrees of freedom 
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Appendix K 
Analysis of Variance: Calcium concentrations in leaf tissue 
taken nine weeks after transplanting at South Deerfield. 
Source Error Term D.F.* Mean Square F Probability 
Time (T) TB 2 2002603 1.88 .23 
Method (M) MB 2 18863955 11.06 .01 
Block (B) 3 4898596 
Rate (R) RB 3 205218 .55 .70 
TM TMB 4 848230 .70 .61 
TB 6 1065808 
MB 6 1706154 
TR TBR 6 579901 .59 .73 
MR MBR 6 833042 2.19 .09 
BR 9 372060 
TMB 12 1207644 
TMR TMBR 12 699157 1. 15 .36 
TBR 18 976922 
MBR 18 390256 
TMBR 36 610263 
* Degrees of freedom 
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Appendix L 
Analysis of Variance: Calcium concentrations in leaf tissue 
sampled twelve weeks after transplanting at South Deerfield. 
Source Error Term D.F.* Mean Square F Probabilit; 
Time (T) TB 2 .47+07 1.00 .42 
Method (M) MB 2 .51+08 15.74 .00 
Block (B) 3 .40+07 
Rate (R) RB 3 .27+07 .70 .58 
TM TMB 4 .13+08 4.70 .01 
TB 6 .47+07 
MB 6 .32+07 
TR TBR 6 .58+07 .79 .59 
MR MBR 6 .42+07 1.24 .33 
BR 9 .39+07 
TMB 12 .23+07 
TMR TBMR 12 .44+07 . 00 .56 
TBR 18 .74+07 
MBR 18 .34+07 
TMBR 36 .49 
* Degrees of freedom 
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Appendix M 
Analysis of Variance: Calcium concentrations in curds at South 
Deerfield. 
Source Error : Term D.F.* Mean Square F Probability 
Time (T) TB 2 1442476 1.82 .24 
Method (M) MB 2 135307 .26 .78 
Block (B) 3 1409128 
Rate (R) RB 3 496819 1.63 .25 
TM TMB 4 709664 3.41 .01 
TB 6 791928 
MB 6 526699 
TR TBR 6 218066 2.56 .06 
MR MBR 6 136139 .73 .63 
BR 9 305544 
TMB 12 131058 
TMR TMBR 12 99230 1.09 .39 
TBR 18 85253 
MBR 18 212681 
TMBR 36 90630 
* Degrees of freedom 
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* 
Appendix N 
Analysis of Variance: Boron concentration in leaf tissue sampled 
six weeks after transplanting at Sunderland. 
Source Error Term D.F.* Mean Square F Probability 
Treatment(T) TB 4 173.7 3.27 . .05 
Block(B) 3 71.0 
Rate(R) RB 3 2484.5 160.56 .00* 
TB 12 53.2 
TR TBR 12 37.5 2.20 .03 
BR 9 15.5 
TBR 36 17.1 * 
* Degrees of freedom. 
Appendix 0 
Analysis of Variance: Boron concentration in leaf tissue taken 
nine weeks after transplanting at Sunderland. 
Source Error Term D.F.* Mean Square F Probability 
Treatment(T) TB 4 66.1 .72 .59 
Block(B) 3 42.6 
Rate(R) RB 3 3443.2 121.69 .00 
TB 12 91.2 
TR TBR 12 54.4 1.00 .47 
BR 9 28.3 
TBR 36 54.2 
* Degrees of freedom. 
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Appendix P 
Analysis of Variance: Boron concentrations in leaf tissue 
sampled twelve weeks after transplanting at Sunderland. 
Source Error Term D.F.* Mean Square F Probability 
Treatment(T) TB 4 115.0 2.17 .13 
Block(B) 3 7.5 
Rate(R) RB 3 4677.1 107.60 .00 
TB 12 52.9 
TR TBR 12 102.7 2.40 .02 
BR 9 43.5 
TBR 36 42.8 
* Degrees of freedom. 
Analysis of 
Sunderland. 
Variance 
Appendix Q 
: Boron concentration in curds at 
Source Error Term D.F.* Mean Square F Probability 
Treatment(T) TB 4 46.5 1.81 .19 
Block(B) 3 134.8 
Rate(R) RB 3 1139.8 75.45 .00 
TB 12 25.7 
TR TBR 12 15.7 .56 .86 
BR 9 15.1 
TBR 36 28.3 
* Degrees of freedom 
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Appendix R 
Analysis of Variance: Curd weight at Sunderland. 
Source Error Term D.F.* Mean Square F Probability 
Treatment(T) TB 4 
« 
.74 1.67 .22 
Block(B) 3 .11 
Rate(R) RB 3 .98 5.11 .02 
TB 12 .44 
TR TBR 12 .19 1.29 .27 
BR 9 .19 
TBR 36 .15 
* Degrees of freedom. 
- Appendix S 
Analysis of Variance: Hollow stem rating at Sunderland. 
Source Error Term D.F.* Mean Square F Probability 
Treatment(T) TB 4 4.55 1.68 .22 
Block(B) 3 1.76 
Rate(R) RB 3 43.94 11.59 .00 
TB 12 2.71 
TR TBR 12 1.68 .84 .61 
BR 9 3.79 
TBR 36 2.00 
* Degrees of freedom 
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Appendix T 
Analysis of Variance: Brown Curd at Sunderland. 
Source Error Term D.F.* Mean Square F Probabilit; 
Treatment(T) TB 4 1.22 1.15 .38 
Block(B) 3 1.15 
Rate(R) BR 3 1.75 2.22 .16 
TB 12 1.06 
TR TBR 12 .88 1.44 .19 
BR 9 .79 
TBR 36 .61 
* Degrees of freedom. 
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Appendix U 
Analysis of Variance: Curd Weight at Plymouth. 
Source Error Term D.F.* Mean Square F Probability 
Treatment(T) TB 4 2.17 3.18 .05 
Block(B) 3 5.82 
Rate(R) RB 2 4.11 11.66 .01 
TB 12 .68 
TR TBR 8 .85 1.80 .13 
BR 6 .35 
TBR 24 .47 
* Degrees of Freedom. 
Appendix V 
Analysis of Variance: Brown curd rating at Plymouth. 
Source Error Term D.F.* Mean Square F Probability 
Treatment(T) TB 4 2.00 4.17 .02 
Block(B) 3 1.91 
Rate(R) RB 2 7.79 5.52 .04 
TB 12 .48 
TR TBR 8 .52 .72 .67 
BR 6 1.41 
TBR 24 .72 
★ Degrees of freedom. 
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Appendix W 
Analysis of Variance: Hollow Stem Rating at Plymouth. 
Source Error Term D.F. Mean Square F Probabilit; 
Treatment(T) TB 4 2.54 1.07 .41 
Block(B) 3 9.89 
Rate(R) RB 2 26.84 16.89 .00 
TB 12 2.37 
TR TBR 8 2.91 1.40 .25 
BR 6 1.59 
TBR 24 2.09 
* Degrees of freedom. 
Appendix X 
Analysis of Variance: Boron concentration in leaf tissue sampled 
three weeks after transplanting at Plymouth. 
Source Error Term D.F.* Mean Square F Probabilit; 
Treatment(T) TB 4 8744.5 12.61 • .00 
Block(B) 3 1363.5 
Rate(R) RB 2 42730.7 48.45 .00 
TB 12 693.3 
TR TBR 8 6310.9 11.83 .00 
BR 6 882.0 
TBR 24 533.5 
* Degrees of freedom 
Appendix Y 
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Analysis of Variance: Boron concentrations in leaf tissue 
sampled six weeks after transplanting at Plymouth. 
Source Error Term D.F.* Mean Square F Probability 
Treatment(T) TB 4 446.3 3.18 .05 
Block(B) 3 307.4 
Rate(R) RB 3 3648.7 34.47 .00 
TB 12 140.3 
TR 8 422.3 4.07 .00 
BR 6 105.9 
TBR 24 103.9 
* Degrees of freedom. 
Appendix Z 
Analysis of Variance: Boron concentrations in leaf tissue 
sampled nine week after transplanting at Plymouth. 
Source Error Term D.F.* Mean Square F Probability 
Treatment(T) TB 4 56.6 1.19 .36 
Block(B) 3 43.7 
Rate'( R) RB 2 1521.1 72.93 .00 
TB 12 47.5 
TR TBR 8 31.3 1.86 .12 
BR 6 20.9 
TBR 24 16.8 
★ Degrees of freedom 
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Appendix AA 
Analysis of Variance: Boron concentration in leaf tissue 
sampled twelve weeks after transplanting, Plymouth. 
Source Error Term D.F.* Mean Square F Probabilit; 
Treatment(T) TB 4 120.6 1.56 .25 
Block(B) 3 46.9 
Rate(R) RB 2 2741.2 44.30 .00 
TB 12 77.6 
TR TBR 8 34.8 1.26 .31 
BR 6 61.9 
TBR 24 27.7 
* Degrees of freedom. 
Appendix BB 
Analysis of Variance: Boron concentrations in curd samples, 
Plymouth. 
Source Error Term D.F.* Mean Square F Probability 
Treatment(T) TB 4 57.1 2.38 .11 
Block(B) 3 25.6 
Rate(R) RB 2 689.4 22.35 .00 
TB 12 24.1 
TR TBR 8 46.0 .93 .51 
BR 6 30.9 
TBR 24 49.5 
* Degrees of freedom 


